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Savoy 


BASSETT 


High efficiency mobile 
and portable antennas 
for all amateur bands, 
CAP. MARS. CB. 
SECURITY. 

PUBLIC SERVICE, 
MARINE. AND 
GOVERNMENT USE. 


• 2-6-10-15-20-40-75 


• Identical size, cost, 
and appearance 


FULLY ADJUSTABLE 
TO FREQUENCY 
IN FIELD 


Low weight, low drag, 
high strength 
fiberglass 


Polished 
chrome brass 
standard %-24 thread 


High gain collinear 
on 2 meters 


MODEL DGA-2M 


$29.50 postpaid 


in U.S.A. 



| SAVOY | 


$ 3 -» 


Postpaid in U S A. 




TYPE 900 A 


TYPE 901 



HIGH ACCURACY CRYSTALS 

FOR OVER 30 YEARS 


Either 

tronics 


type for amateur VHF in Regency. Swan, Standard. Drake. Vari- 
, Tempo, " 


Yaesu, Galaxy, Trio, Sonar. Clegg. SBE. Genave. 


Quotes on request for amateur or commercial crystals for use in all 
other equipments. 


Specify crystal type, frequency, make of equipment and whether transmit 
or receive when ordering. 



8ASSE1T VACUUM TRAP ANTENNA SYSTEM 
Complete packaged multi-band antenna sys¬ 
tems employing the famous Bassett Sealed 
Resonators and Baiun from which air has 
been removed and replaced with pure 
helium al one atmosphere. Operating bands 
are indicated by model designation. 

MODEL DGA-4075 $59.50 

MODEL DCA-204075 579.50 

MODEL DGA-2040 559.50 

MODEL DCA-t 52040 579.50 


BASSETT VACUUM BALU 



The famous sealed helium lilted Baiun . . 
employed with the OCA Series Antenn 
Systems. Solderless center insulator am 
easily handles more than lull legal pone 
while reducing unwanted coai radiation 
Equipped with a special SO-239 type coa 
connector and available either 1:1 or 4:1 


MODEL 0GA 2000-B 512.95 

Postpaid in U.S.A. 


CONTACT YOUR DISTRIBUTOR OR WRITE FOR DATA 


Savoy Elecfcronicsjnc. 


P.O. Box 5727- Fort Lauderdale, Florida - 33311 
Tel: 305-553-1333 or 305-3*17-9 325 







THE MODERN WAY TO 

MAXIMUM LEGAL POWER . . . 



the “HANDS OFF" ALPHA 374 

... BY ETO, OF COURSE! 


With the ALPHA 374 

• RUN MAXIMUM LEGAL POWER even continuously, SSTV or RTTY, with a big 
margin of safety — up to 3 KW PEP, 1 KW D-C continuous 

• CHANGE BANDS INSTANTLY — Never touch a tuning or loading control as long 
as your antenna is well matched 

• OPERATE AT PEAK EFFICIENCY — Factory pretuned output filters assure 
optimum adjustment under normal conditions; manual controls are right at your 
fingertips should you ever peed them to compensate for antenna mismatch. 

• RELAX AND ENJOY OPERATING — ETO'S unique new grid-current-based 
excitation monitoring and control (ALC) system helps prevent overdrive while 
keeping average power high. 

• LET FAMOUS ALPHA ENGINEERING AND SUPERB QUALITY. BACKED BY 
ETO'S FULL YEAR WARRANTY, GIVE YOU A BIG SIGNAL THE EASY WAY. 

The ultra-convenient, high performance ALPHA 374 is S1195. The manually-tuned 

ALPHA 274 is an even more economical S945. See your dealer or contact ETO now 

for details and specifications. 



EHRHORN TECHNOLOGICAL OPERATIONS, INC. 
BROOKSVILLE, FLORIDA 33512 
(904 ) 596-3711 


june 1974 


□ 1 


More Details? CHECK-OFF Page 94 







FREE ANTENNA 



WITH YOUR PURCHASE OF A SWAN 2-METER TRANSCEIVER 


FM-2XA Mobile 


FM-1210A Base 


Order A Complete FM-2XA Or FM-1210A Transceiver 
And Swan Will Include a 2-Meter FM Antenna 


At No Extra Charge! 

Here is a great opportunity to join the fun on 144 through 148 MHz. Whether you choose the FM-2XA or 
FM-1210A for a mobile or fixed-station installation, you will get an excellent 10-Watt FM unit with a built- 
in speaker, dynamic microphone, mounting bracket and hardware plus, absolutely free, a matched 
2-Meter antenna. 

Both transceivers work directly off 12V DC for mobile use and are equipped with matching 110V AC 
power supply for homo use. The FM-2XA has a 12 channel capacity with 3 channels installed. An inde¬ 
pendent switching feature gives the FM-1210A up to 144 channel combinations and comes with 4 transmit 
and 4 receive crystals installed. 

The following packages are available during this special limited offer: 

#1 — FM-2XA Mobile Station. Includes #2 — FM-1210A Mobile Station. Includes 

Snap-Pack AC Power Supply PLUS a Pedestal AC Power Supply PLUS a 

FREE Swan MD-4 mobile 2-Meter whip FREE Swan MD-4 mobile 2-Meter whip 

antenna. Please specify your choice of antenna. Please specify your choice of 

roof or deck type mounting. $299.95 roof or deck type mounting. $359.95 


«3-FM-2XA Fixed-Station. Includes 110V 44-FM-1210A Fixed-Station. Includes 

AC Snap-Pack Power Supply PLUS a 110V AC Pedestal Power Supply PLUS a 

FREE 3 dll gain. 2-Meter vertical anten- FREE 3 dB gain. 2-Meter vertical anten¬ 
na for your home installation. $299.95 na for your home installation. $359.95 

We strongly suggest that you place your order now with a participating Swan dealer, or you may 
order direct from the factory with the coupon below, as this offer may be withdrawn without notice. 


Gentlemen: 

Please ship me. collect, the 2-Meter package I've checked. □ Full payment Enclosed. 

□ 20% down payment enclosed, ship C.O.D. □ 10% down payment enclosed, charge to my 


Swan Credit Account H _ 

□ #1 — FM-2XA Mobile — $299.95 

□ Roof □ Deck 

□ #2 —FM-1210A Mobile — $359.95 

□ Roof O Deck 


(California residents please add sales tax.) 


Name: _ 

Address: 


□ #3 —FM-2XA Fixed-Station — $299.95 Mai j Coupon to: 


ELECTRONICS 


□ #4 —FM-1210A Fixed-Station — $359.95 

305 Airport Road • Oceanside. CA 92054 
You may reserve your package by calling Area Code (714) 757-7525. 
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Solid-state imaging devices which may 
eventually find their way into high- 
quality television cameras are now 
becoming available for lower-resolution 
applications such as slow-scan optical 
character recognition and basic- 
recognition security systems. Some of 
these devices, which consist of large 
arrays of charge-coupled photo-sensitive 
semiconductors that are scanned with 
digital circuitry, are so sensitive they can 
detect objects illuminated only by candle¬ 
light. The big problem has been to obtain 
the 525-line video resolution required for 
television cameras. However, Bell Labs 
has built a solid-state vidicon capable of 
full Picturephone resolution (250 by 225 
lines) and Fairchild has a 100-by-100 
element imager that is suitable for many 
industrial applications. 

Actually there are two different types 
of solid-state imaging devices: the charge- 
coupled device or CCD and the charge- 
injected device or CID. Although the 
image signal is developed and stored in 
both devices in much the same way, the 
signal is retrieved differently. In the CCD 


ATV test pattern from WBDMR is generated 
by solid-state charge-coupled image sensor. 



array the image is scanned sequentially 
while in the CID array the image is 
scanned in an x-y fashion. This permits 
the CID array to be scanned at any speed 
or individual points to be scanned 
randomly. Another advantage of the CID 
design is that single-image defects cause 
the loss of only one image point. In a 
CCD array a single-image defect blanks 
out the rest of that line. 

Bill Parker, W8DMR, is believed to be 
the first amateur to use a solid-state 
image sensor to transmit an amateur 
television test pattern. Bill, who has been 
on amateur television since 1949 and is 
still active, uses the 10,000-element Fair- 
child CCD-201 solid-state imager men¬ 
tioned earlier. This sensor is mounted in a 
24-lead dual-in-line package with an 
optical glass window. The 1.2- by 0.8-mil 
(0.03- by 0.02-mm) image-sensing 
elements are located on 1.2-mil 
(0.03-mm) vertical centers and 1.6-mil 
(0.04) horizontal centers. This provides 
an image aspect ratio of 4 by 3. In 
addition to the image-sensing chips the 
CCD-201 includes 100 columns of two- 
phase shift registers interdigitated among 
the photo-sensitive elements, a 102-unit 
two-phase analog output shift register, an 
output preamplifier and a compensation 
amplifier. A photograph of the 
transmitted test pattern is shown to the 
left. When 512-by-320 element arrays 
become commercially available the 
resolution wedges on the test pattern will 
be much more distinct. Who will be the 
first to apply this new technology to 
real-time slow-scan TV? 

Jim Fisk, W1DTY 

editor-in-chief 
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NOW. 

Top-of-the-Line 
Tri-Ex Towers 
for HAM operators 
at basic prices! 



Now you can afford the best! 
Free-standing or guyed, 
Tri-Ex Towers stress quality. 
All towers are hot dipped 
galvanized alter fabrication 
for longer life. Each 
series is specifically engi¬ 
neered to HAM operator 
requirements. 

W Series 

An aerodynamic tower 
designed to hold 9 square 
feet in a 50 mph wind. Six 
models at different heights. 

MW Series 

Self-supporting when 
attached at first section — 
will hold normal Tri-Band 
beam. Six models. 


LM Series 

A 'W' brace motorized tower. 
Holds large antenna loads 
up to 70 feet high. 

Super buy. 

TM Series 

Features tubular construc¬ 
tion for really big 3ntenna 
loads. Up to 100 feet. 
Free-standing, with motors 
to raise and lower. 


THD Series 

Very popular. Low Cost. 
Holds Tri-Band antennas. 
Eight models — all support 7 
square feet of antenna 
at full height in 70 mph 
winds. Guyed. 

Start with Top-of-the-Line 
Tri-Ex Towers. At basic 
prices. Write today, for your 
best buy. 



TOWER 

CORPORATION 

7182 Rasmussen Ave 
Visalia. Calif 93277 
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Since the advent of ICs on the amateur 

y 

radio scene, a number of articles on _o 
keyers have appeared in the amateur £ 
magazines. Now that c-mos or cosmos ICs ^ 
have become available to the amateur „ 
from various sources at modest prices,* g 
it's time that these "state of the art" 


keyer 

building blocks found an application in a 
homebrew project. 

The cosmos keyer described here 
draws only 0.4 mA on standby, with an 
average key-down current drain under 2 
mA at a supply voltage of 10 volts. The 
keyer can work properly with supply 
voltages from 4 to 15 volts. When oper¬ 
ated at 5 volts, the keyer actually con¬ 
sumes less than 100 microamps, less 
power than a set of headphones! Its low 
power requirement makes it ideal for the 
QRP or field day enthusiast. If TTL logic 
was substituted for the cosmos ICs in this 
keyer, the current drain would be in 
excess of 200 mA. 

Some of the more important features 
of an electronic keyer using cosmos ICs is 
low power consumption, simple construc¬ 
tion and modest construction cost (about 
$10.00 for parts). The keyer described in 
this article features self-completing dots, 
dashes and spaces, a built-in transmitter 
keying circuit and sidetone generator 
and small size — the circuit board can be 
mounted inside your favorite rig. 

•Poly Paks, Inc., Box 942, South Lynnfield. 
Massachusetts 01940. 
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The basic clock gating circuit used in 
the keyer is illustrated in fig. 1. The clock 
gate allows only full clock pulses to pass 
through it, regardless of the timing in¬ 
accuracies of the enable signal. No partial 
pulses or "slivers" can be tolerated if a 
keyer is to send perfect code. 

In fig. 1, U1 is a type-D flip-flop. The 
logic level present at the data or D input 
will be transfered to output Q at the next 
positive going edge at the clock input (pin 
C). Notice that the clock feeds pin 1 of 
U2, pin 1 of U3 and pin C of U1. U2 is 
the output gate and U3 is the reset gate. 


When the enable signal is low (zero), 
pin Q of U1 is assumed to be zero if pin C 
is being clocked. As long as pin Q of U1 is 
zero, U2 will not pass the clock pulses. 
Also, as pin D of U1 is zero, the clock 
pulses at pin 1 of U3 will pulse the reset 
pin (pin R) of U1. A 1 on the reset pin 
of a cosmos flip-flop will force Qto zero 
and will override all other input signals. 
The set pin of U1 is grounded for this 
reason. A 1 at the set pin will force Q to a 
1 and will override all other input signals. 

When the enable signal goes to a 1, pin 


Q will go to a 1 at the next positive-going 
clock pulse leading edge. Now that pins 1 
and 2 of U2 are 1, pin 3 goes to zero and 
will go to a 1 when the negative-going 
clock transition occurs. Thus the output 
of U2 is the inverted version of the clock 
pulses. 

When the enable goes to zero, flip-flop 
U1 will be reset by the NOR gate U3 at 
the time when the clock is zero. If the 
NOR gate were not used to reset U1, then 
the next positive-going edge of the clock 
pulse would appear at the pin 1 of U1 
simultaneously with the negative transi¬ 
tion at pin 2 of U2 due 
to the data transfer ac¬ 
tion of flip-flop U1. 
Thus you would have 
logic levels changing si¬ 
multaneously in oppo¬ 
site directions at pins 1 
and 2 of U2. This would 
result in a "sliver pulse" 
at pin 3 of U2 when the 
input signals cross the 
threshold level of U2. 
To prevent this from 
happening, the reset 
gate U3 is used to reset 
the flip-flop when both 
the enable and dock 
inputs are at zero. 

final circuit 

The circuit I finally 
settled on for my cos¬ 
mos keyer is shown in 

fig. 2. The keyer gener¬ 

ates dashes and dots at a 
fixed time ratio of 3 to 1. A space has the 
same duration as a dot. The time base of 
the keyer is generated by two NOR gates, 
U2C and U2D, connected in a class-A 

multivibrator configuration. Resistor R3 

causes U2D to self bias into a class-A 
condition, with the output reaching a dc 
level equal to the threshold of the gate 
itself (about 45 percent of the supply 
voltage). Resistors R1 and R2 have the 
same effect on U2C. The time con¬ 
stant (R3-C1) is much greater than (R1 + 
R2)C2 so the frequency of the oscillator 
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fig. 1. Basic clock gating circuit for the cosmos keyer. 
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OSCILLATOR 


C2 



R1 

T2 

1 megohm linear taper potentiometer 

500 ohm CT to 8 ohm transformer 
(Radio Shack 273-1381) 

U2 

cosmos NOR gate (CD4001 or equiv¬ 
alent 

Ul, U3 

cosmos NAND gate (CD4011 or equiv¬ 
alent) 

c c 

C 

Ul 

cosmos dual D flip-flop (CD4013 or 
equivalent) 


fig. 2. Complete schematic diagram for the cosmos keyer. The bold lines are the feedback paths for 
the dot and dash generators, which allow them to end their timing in sync with the clock after 
paddle release. The sidetone generator, lower right, is optional. 


is inversely linear with the setting of R1. 
Inverter U3D buffers the oscillator and 
squares up its output. Flip-flop U6B 
divides the oscillator frequency by two, 
but more importantly, provides a clock 


source with a perfect 50 percent duty 
cycle. 

Note that the dot and dash generators 
each have their own clock gates, and are 
connected in such a manner that which- 
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Logic circuitry for the cosmos keyer is wired on small section of perforated circuit board. Keying 
transistor and sidetone circuit are to the left. 


ever of the two gates is enabled first 
overrides the other until its timing cycle 
is completed. If the dot gate is enabled 
first, the dash gate will be held in reset via 
diode CR2 until the timing cycle for the 
dot is completed, even if the dash paddle 
was depressed. Also, a complete space 
period would elapse before a dash could 
be sent, and vice versa. Diode CR3 allows 
the dash gate to reset and override the 
dot gate while dashes are being sent. The 
RC networks R4-C3 and R5-C4 provide 
pull-up bias for gates U1A and U1B and 
also eliminate the effect of key contact 
bounce. 

The dash generator consists of a four- 
state binary counter (U5A and U5B) and 
a gate (U3A) to decode the four count 
states into dashes that are three clock 
periods long, separated by spaces one 
clock period long. U3B inverts the output 
of U3A to provide the proper logic levels 
to U3C by cancelling the inverting effect 
of U3A. 

The bold lines are the feedback paths 
for the dot and dash generators. These 
feedback lines allow the dot and dash 


generators to end their timing in synch¬ 
ronization with the clock after their 
respective paddles have been released. 
This is what adds the self-completing 
feature to the keyer. 

The output gate U3C drives the Dar¬ 
lington pair Q1 and Q2. Transistor Q2 is a 
high-voltage device, the Motorola 
2N3440, which has a 250-volt B vc t> 
rating. If you plan to use the keyer solely 



Construction of the cosmos keyer. Circuit 
board, keying mechanism and power supply are 
on center chassis. Speed control and switches 
are mounted on front panel, left. 
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for your solid-state QRP rig, then just 
about any 5-watt npn transistor will do 
the job. 

The largest portion of the standby 
current drain can be attributed to the 
oscillator. When the threshold region of a 
cosmos device is entered at a slow rate 
(such as by RC decay), the device draws 
relatively large amounts of current. The 
increase in current during key-down con¬ 
ditions is caused by the conduction of Q1 
in driving Q2. 

important 

When working with cosmos ICs it's 
important to remember to never leave 
unused input pins floating. Always make 
sure that any unused input pin is tied to 
either ground or to Vdd. whichever is 
logically appropriate. For example, the 
set and reset pins of U5 and U6 have been 
tied to ground. If this precaution is not 
observed, these high impedance inputs are 
wide open for electrostatic charge pick 
up. Also, since the input capacitance of a 
cosmos device is typically 4 pF and the 
gate impedance is on the order of 10 ,J 
ohms, the result is a parasitic RC network 
with a time constant of 4 seconds. Any 
electrostatic charge can be stored for 
several seconds, injecting a false logic 
level into the cosmos device. That could 
raise havoc with your logic. 

If you follow the schematic faithfully, 
all of the cosmos gates and flip-flops will 
be used up in fabrication of the keyer, 



Main chassis layout. Cosmos circuitry is in¬ 
stalled on perforated board, rear; power supply 
is in foreground. 


with no surplus devices to cause prob¬ 
lems. Check and doublecheck your 
wiring! 

It's also advisable to provide over¬ 
voltage protection and regulation if 
operation from an unstable supply is 
anticipated. Do not exceed 15 volts, or 



fig. 3. Suggested power supply for cosmos 
keyer, with inputs for either 117 Vac or low 
voltage dc. Transformer T1 is a small 6.3 Vac 
filament transformer. 


the cosmos ICs will zener and draw 
excessive current which may destroy 
them. I recommend a maximum supply 
voltage of 12 volts. This should give you 
plenty of margin for error. Also, be sure 
to provide a means of protection from 
accidental polarity reversal of the power 
supply. Diode CR5 in my supply, fig. 3, 
provides this protection. 

When soldering cosmos ICs into a 
circuit, use an iron with a grounded tip. 
Finally, make sure that your paddle key 
is clean. Any leakage path to circuit 
ground that is less than one megohm will 
falsely trigger the input gates. 

The sidetone generator is optional, but 
can be included if your present rig 
doesn't have one. The sidetone adds 
about 3 mA to the key-down current 
drain. 

reference 

1. COSMOS Digital Integrated Cricuits, RCA 
Data Book Series, SSD-203A, RCA Semicon¬ 
ductor, 1973. 
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mm Drake DSR-2 
Communications Receiver 



FEATURING... 

• Continuous coverage 
10 kHz to 30 MHz 

• Digital synthesizer 
frequency control 

• Frequency displayed 
to 100 Hz 

• All solid state 

• AM, SSB, CW, RTTY, ISB 

• Series balanced gate 
noise blanker 


SPECIFICATIONS • Frequency Range 10 kHz to 30 MH/ • Modes of 
Operation: USB LSB. CW. RTTY, AM, ISB • Frequency Readout: 
Complete to 100 H/ on six NIXIE tubes* Frequency Selection 10 MH/, 

1 MH/, 0 1 MH/ switch selected. 0 to 0 1 MH/ continuously variable 

• Frequency Stability Frequency drift less than 200 H/ in any 8 hour 
period at constant ambient temperature between 0 to 40 C and • 10% 
variation from nominal line voltage alter '/ hour warm up • BFO Fixed 
or 3 kHz variable • Sensitivity 0.01-05 MH/ Less than 4 *;V for 
10 dB SINAD at 2 4 kHz SSB mode less than 25„V lor 10 dBSINAD 
at 6 kHz AM mode with 30 modulation. 0.5 - 30 MHz Less than 0.3 

lor 10 dB SINAD at 2 4 kHz SSB mode, less than 2 0 for 10 dB 
SINAD at 6 kHz AM mode with 30' modulation • Image Rejection: 
Greater than 60 dB relative to 1 *iV below 10 MHz Greater than 50 dB 
relative to 1 pV above 10 MHz • I F Rejection: Greater than 60 dB 
relative to 1 pV except 4 5 to 5 5 range • Blocking: Greater than 
100 dB relative to 1 pV • Crossmodulation: 70 dB relative to 1 pV 

• Intermodulation: 70 db relative to J^V • Opposite Sideband Supression: 
Greater than 60 dB at 500 Hz into the opposite sideband • I F. Band 
width 6 kHz. 2 4 kHz. 12 kHz. 0 4 kHz @-6 dB. 115 kHz, 4 3 kHz. 

2 4 kHz. 0 8 kHz @-60 dB • Automatic Gain Control: Audio output 
increases less than 3 dB lor an RF input change of 100 dB. Attack 
Time 100 ps; Release Time 1 second (normal AGC). 100 ms (fast AGC) 

• Antenna Input Impedance 10 kHz to 500 kHz 1000 ohms, 500 kHz 
to 30 MHz 50 ohms • Antenna Input Protection (built in) Prevents 
damage from 30V signal lasting 15 minutes • Audio Output; Local: 
2 watts at 5 a max distortion into 4 ohm load. ISB Channels: 1 mW into 
600 ohm load • Audio Hum and Noise Greater than 60 dB below rated 
output • Power 120 240 volts 10 1 single phase 50 420 Hz. 35 watts 

• Dimensions 5.5 in High x 13 375 in Wide x 15 in. Deep. (14 cm 
High x 34 cm Wide x 38 cm Deep) • Weight: 17 lbs. (7.7 kg) 


For details on DSR 2 and other Drake Receivers, Transmitters, and Transceivers, contact: 


R. L. DRAKE COMPANY 


DRAKE 


l® 


540 Richard St., Miamisburg. Ohio 45342 Phone: (513) 866-2421 • Tele*: 288-017 


More Details? CHECK-OFF Page 94 
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some 


design ideas 
for specialized 

communications receivers 


If you have ever 
considered building 
your own 
communications receiver, 
here is a collection 
of design ideas 
you may want to use 
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When I read the editorial in the June 
1972, issue of ham radio I felt like th< 
boy who, after Shoeless Joe Jacksoi 
confessed his involvement in the 191$ 
Black Sox scandal, said, "Say it ain't so 
Joe." In that editorial Jim Fisk declared 
"... we at ham radio note that the dai 
of the amateur-built receiver may havi 
passed in favor of the vastly superior an< 
less expensive commercial version." 

Say it ain't so, Jim. Vet, in one sense, a 
least, the statement is true. The individua 
amateur can no more hope to beat thi 
professional receiver designer at his owr 
game than he can hope to build a bette 
and cheaper family sedan in his back 
yard. 

The catch is that the professiona 
receiver designer's "game" is not to de 
sign the ultimate performance set but tc 
design a mass-market, multiband, multi 
mode, decorator-styled receiver that car 
sell at a popular price. Many of thi 
homebuilt receivers appearing in the harr 
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magazines are imitations of these com¬ 
mercial designs and, while their builders 
have the statisfaction of gaining valuable 
experience and operating homebrew 
equipment, the result is likely to be an 
inferior receiver at a higher cost. 

Just as there are cars which will 
outperform the best that Detroit offers, 
so there are receivers which will outper¬ 
form any amateur receiver on the market. 
Free the designer from the price restric¬ 
tion and you get cars like the Jaguar and 
Rolls-Royce and receivers like the National 
HRO-600 and the Collins 651-SI. If the 
product can bypass the mass-market cri¬ 
teria, if it can be designed for a specific, 
limited purpose, then, as W8YFB has 
said, 1 any one of 100,000 teenagers can 
build a performance car that will outper¬ 
form Detroit's creations on the drag strip. 
And many an amateur can build a better 
receiver than he can buy. 

Goodman made the point back in 
1951, "... the fellows who build their 
entire receivers from scratch . . . don't do 
this because they can't afford a com¬ 
mercial job — often they . . . could afford 
several such receivers — they do it be¬ 
cause they know exactly what they want 
and this is the only way to get it." 2 

Let's look at some of the restrictions 
imposed on the professional designer of 
amateur communications receivers. First, 
the company's management and market¬ 
ing people place a selling price of, for 
instance, $400 on the receiver. Unfor¬ 
tunately, advertising, sales costs, shipping, 
warranty costs, taxes, engineering, over¬ 
head and manufacturer and distributor 
profits eat up $250 of the selling price. 
This leaves less than $100 for the cabinet 
and all the parts which go into it. Finally, 
only $50 is left for all direct labor on the 
receiver, assembly, alignment, testing and 
troubleshooting. 

The receiver must cover all modes and 
the six bands from 160 thru 10 meters 
with single knob bandswitching. It must 
fit a low-profile, decorator-styled cabinet 
that matches the other equipment in the 


company's line. All components must be 
readily available in quantity and per¬ 
formance must be competitive with other 
receivers in the same price class. 

The homebuilder, on the other hand, 
can design his receiver for specific objec¬ 
tives. He can design a "performance" or 
"competition" receiver for a particular 
band and activity. How about an all-out 
receiver for 160-meter CW DX or 20- 
meter ssb DX or 20-meter sstv or 40- 
meter RTTY or for 20-meter operation in 
downtown Los Angeles? Net operators 
could have a switch-tuned, maximum 
convenience job. The traveling man can 
design an outstanding, ultraportable re¬ 
ceiver. 

The limited versatility of such re¬ 
ceivers is justified because the amateur 
may spend 80% or more of his spare time 
enjoying his particular operating special¬ 
ty. His chrome-plated commercial job 
then becomes a second receiver for the 
occasional excursions to other bands and 
modes. Sometimes the homebuilt "per¬ 
formance" receiver makes an excellent 
tunable i-f for other bands. 

When designing your receiver at home 
you need consider only your own in¬ 
terests and radio environment. You can 
use one-of-a-kind, high quality surplus 
parts that commercial people can't af¬ 
ford. You can add extra parts and extra 
stages — if a commercial designer elim¬ 
inates a $5 stage he saves his company 
$50,000 over a 10,000 unit production 
run, and employers look with favor on 
people who put $50,000 back into the 
company's pockets. Furthermore, you 
can use circuits that require considerable 
diddling and alignment, and you can use 
the latest components and techniques 
without worrying about obsoleting a large 
inventory of parts. 

One of the delights of home building is 
that you can over-design. Instead of using 
the flimsiest possible chassis material you 
can start out with a 1/8-inch aluminum 
plate. You automatically insert parasitic 
suppressors in all amplifier and oscillator 
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input and output elements. Where the 
professional runs endless tests to elimi¬ 
nate a capacitor here, a resistor there or a 
shield somewhere else, the home-builder 
can double decouple every stage and put 
in extensive shielding. Where the profes- 


broadcast band in the presence of inter¬ 
ference from the many domestic broad¬ 
casters. Secondarily, it is an excellent 
tunable i-f for shortwave broadcast and 
amateur ssb reception. While few ama¬ 
teurs are interested in broadcast-band 


f — \in-out\ 



sional must run two i-f stages on the verge 
of oscillation, you can run three that loaf 
quietly along. Space, band-switching and 
ganging considerations need not limit the 
number and Q of the tuned circuits used 
in the front-end. 

The receiver shown in this article, the 
DBR-1, illustrates many of the advantages 
the homebuilder enjoys. Its primary pur¬ 
pose is to provide superior reception of 
foreign a-m stations on the standard 


DX, this receiver includes many tech¬ 
niques and ideas that are applicable to 
homebuilt receivers in general. 

homebrew receiver 

Vacuum tubes predominate in the 
DBR-1 because it was started back in 
1967 when tubes had performance ad¬ 
vantages in many circuits. Referring to 
fig. 1, the first circuit is a series-tuned i-f 
trap to eliminate feedback problems en- 
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countered at high i-f gain levels with no rf 
stage. 3 Next is an additional preselector 
circuit which can be switched in to 
eliminate images when using a long-wire 
antenna. A tuned loop antenna is normal¬ 
ly used with the receiver and then images 
are not a problem. 

The first tube, VI, is a 7360 mixer. 
The vfo and buffer amplifier is a 6U8A. A 
varactor diode, CR1, provides vernier 
tuning of the oscillator to facilitate pre¬ 
cise positioning of the carrier for exalted- 
carrier a-m reception. Bias for the 7360 
mixer is adjustable from the front panel 
for experimental purposes. 

A 455-kHz i-f is used to take advan¬ 
tage of the sharp and inexpensive Kokusai 
mechanical filters. In accordance with 
good strong-signal practice, the first filter 
is placed as close to the antenna as 
possible, at the output of the mixer. 4 A 
second mechanical filter, between the 
second and third i-f stages, combines with 
the first to give a stop band over 120-dB 
down and a shape factor approaching 1:1. 
Three i-f stages (V3, V4 and V5) are 
necessary to provide sufficient gain to 
make up for filter losses and the lack of 
an rf amplifier. 

Transistor Q1 is an infinite impedance 
detector; Q2 is a Q-multiplier to provide 
the peak in the i-f passband which exalts 
the a-m carrier. A switch changes the 
peak from one side of the passband to the 
other for receiving either USB or LSB. 
The feedback control adjusts the height 
of the peak and thus the amount of 
carrier exaltation. Diodes CR3 and CR4 
are a full-wave audio limiter. 

The gain of the receiver is kept as low 
as possible through the detector, and 
three stages of audio (V6, V7 and V8) are 
required to bring the overall gain up to an 
acceptable level. A small coupling capaci¬ 
tor to the output stage can be switched in 
to provide low frequency roll-off. A 
high-impedance output for a tape re¬ 
corder and a low-impedance output for 
stereo phones or a speaker are also 
provided. 

An OB2 voltage regulator, V9, 
regulates the oscillator plate voltage and 


Q-multiplier drain voltage. A zener diode, 
CR2, also works from the +105-volt 
regulated line to provide additional regu¬ 
lation for the varactor tuning diode. The 
power supply is in a separate cabinet. It 
uses five silicon rectifiers and supplies 6.3 
Vac for the heaters, a 250-volt B+ supply 
controlled by an auto-transformer and a 
0-150-volt bias supply. 

mechanical details 

Here is where most receivers are in¬ 
adequate. They are flimsy, using the 
lightest possible material for the chassis 
and cabinet. The DBR-1 has a 1/8-inch 
aluminum panel bolted to a 1/8-inch 
chassis plate which is then bolted into a 
rugged, welded steel cabinet from an old 
Meissner Signal Shifter. When completely 
buttoned-up the whole thing is almost a 
solid cube. I use relay rack panels for the 
1/8-inch material and work it with a 
hacksaw, electric drill, file and ordinary 
chassis punches. 

Another mechanical weakness in many 
commercial and bomebuilt receivers is the 
tuning mechanism. The homebuilder can 
use one of the rugged military surplus 
mechanisms or pick up an old National 
PW dial and drive as I did for the DBR-1. 
A tuning mechanism with a solid, smooth 
feel gives the impression of quality much 
as the "thunk" of a well-fitted door does 
to an automobile. 

The plug-in coil assemblies are from an 
old National HRO receiver. They are 
excellent for experimenting with dif¬ 
ferent coils. You can try the effect of 
different coil form materials on oscillator 
drift, for instance, or determine the effect 
of different antenna couplings on front- 
end selectivity. The coil drawers were 
sawed and chiseled from an old HRO 
chassis. 

mixer circuit 

The ideal mixer should be able to 
simultaneously handle the strongest and 
weakest signal you will encounter while 
contributing little noise itself and pro¬ 
viding sufficient conversion gain to re¬ 
duce the noise of the i-f strip to insignifi- 
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cance. Not many mixers meet these re¬ 
quirements. The 7360 does to a greater 
degree than most and is used in the 
DBR-1. 

The overall noise factor of the mixer 
plus i-f strip is 

f = f1 + ,: %t l (1) 

where F is the overall noise factor of the 
complete receiver, FI is the noise factor 
of the mixer, F2 is the noise factor of the 
i-f strip and G1 is the power gain of the 
mixer. 

Assume the 7360 mixer with its pre¬ 
selector circuits has an 8-dB NF (6.3X) 
and the i-f strip has a 13-dB NF (20X), 
including the 6-dB insertion loss of the 
input filter, and the mixer power gain is 
10 dB (10X). 

F = 6.3 + 2 ^ 1 = 8.2X or 9.2 dB 

Suppose you contemplated using a 
diode balanced mixer instead of the 7360 
into the same i-f strip. Suppose also that 
the diode mixer has the same 8-dB NF as 
the 7360 but it has no gain (G = 1). 
Therefore, 

F = 6.3 + 2 —= 25.3X or 13.9 dB 

A screwdriver adjustable pot on the 
front panel is for experimenting with the 
effect of bias on the sensitivity and 
overload characteristics of the 7360. In 
my location two 50-kW locals, WBZ on 
1030 kHz and WHDH on 850 kHz, 
produce a strong third-order IM product 
on 1210 kHz which is convenient for 
evaluating the linearity of the mixer. At 
one bias point, which is quite sharp and 
may vary from one 7360 to another, the 
IM product nulls out. On the tubes with 
which I have experimented the point of 
maximum immunity to IM is also very 
close to the point for maximum sensi¬ 
tivity. 

vfo circuit 

The vfo and buffer amplifier use two 
sections of a 6U8A. A 20-pF varactor 


diode connected across the oscillator tank 
circuit provides a vernier tuning control 
to precisely set the carrier. The control 
voltage comes from the regulated 
+105-volt line and is further regulated 
with a 12-volt zener diode. 



Top view of the DBR-1 shows the 1/8" chassis 
plate which is bolted to the front panel and the 
rear apron. The i-f strip runs along the back 
with filter FL2 in the open shield can In the 
center. From left to right below the coil drawer 
are V8. VI, V2. V7. V6 and Q1. Below the 
output transformer are the voltage regulator, 
V9. and CR3 and CR4. 

The National tuning capacitors which 
are an integral part of the PW gear drive 
have straight-line frequency character¬ 
istics. When the DBR-1 is used as a 
tunable i-f with the 3.5- to 4.0-MHz coils, 
the calibration is 1kHz per division of 
the PW dial. The 0.9- to 2.0-MHz coils 
give 2 kHz per division across most of the 
dial. 

i-f strip and filters 

The i-f strip provides the required 
adjacent channel selectivity with enough 
gain to drive the detector on the weakest 
signal and should have a low enough noise 
figure to prevent degrading the NF of the 
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mixer. The noise factor (ratio) of a 
properly designed i-f strip is 

F|.| = FI + F2 (2) 

where F*.| is the overall noise factor of 
the i-f strip, FI is the insertion loss of the 
input filter and F2 is the noise factor of 
the first i-f tube. 

Cascading mechanical or crystal lattice 
filters allows you to achieve near perfect 
shape factors and stop bands down more 
than 120 dB. The National Radio Club 
has done considerable work on the cas¬ 
cading of mechanical filters 5 and the club 
periodically purchases batches of Kokusai 
filters which it matches and sells to 
members in sets of two or three. Each 
Kokusai filter comes with a complete set 
of characteristics and the current units 
are extremely good. 

Kokusai filters are used in the DBR-1. 
Filter FL1 has a center frequency of 
454.98 kHz, a bandwidth of 2.58 kHz at 
the 6-dB points and a -60 dB bandwidth 
of 4.50 kHz, resulting in a 6/60-dB shape 
factor of 1.74:1. Filter FL2, at the same 
points, is 455.00 kHz, 2.48 kHz, 4.26 
kHz and 1.72:1. 

The combined characteristics of the 
two filters in the DBR-1, checked both 
by the point-by-point method and by the 
sweep method to be described later, are 
2.1 kHz at -6 dB. 2.45 kHz at -10 dB 
and 2.8 kHz at -60 dB, resulting in a 
6/60 dB-shape factor of 1.33:1 and a 
10/60 dB shape factor of 1.14:1. The 
10/60-dB shape factor is given because it 
seems to describe more accurately the 
useful nose bandwidth and gives a better 
idea of the steepness of the skirts than 
does the-usual 6/60-dB figure. 

For several reasons it is best to dis¬ 
tribute the filters in the i-f strip rather 
than connecting them back-to-back. 6 - 7 
One of the filters should be at the input 
to the i-f strip to satisfy the requirement 
of putting the adjacent channel selectivity 
as close to the antenna as possible. 
Additional filters should be placed one or 
two stages further along. 

If all the filters were placed at the 
input to the i-f strip the following ampli¬ 


fiers could generate considerable wide¬ 
band noise outside the bandpass of the 
filters. Also, two or more cascaded filters 
are capable of stop bands more than 120 
dB down and if they are lumped together 
it requires a lot of isolation between the 



Bottom view of the DBR-1 receiver. Filter FL1 
is in right center. Note the shielding around 
each i-f stage at the bottom. Rf chokes at 
bottom left filter the incoming B+ and bias 
voltages. 

input and output. If they are separated 
the isolation requirements can be reduced 
to 60 dB at a step. Another consideration 
is that two or three filters at the input to 
the i-f strip could degrade the NF of the 
strip enough to degrade the NF of the 
entire receiver. 

A good bet for a filter for a high 
frequency i-f is the Swan SS-16. This 
16-pole crystal-lattice filter is centered on 
5.5 MHz. The 6-dB bandwidth is 2.7 kHz 
and it has a 6/60-dB shape factor of 
1:28:1 and a 6/120-dB shape factor of 
1/8:1. The stop band is 140-dB down. 

Stop bands of -120 and -140 dB 
sound great and they are not too difficult 
to achieve. In practice, however, anything 
over 100 or 120 dB is of little practical 
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use because there are mighty few front- 
ends which will simultaneously handle 
two signals 120-dB apart (in strength). 
For instance, 140 dB above 1 pV is 10 
volts and most receivers will block com¬ 
pletely long before the signal gets up to 
10 volts. Thus, the fact that the filter 
could separate the 1 -mV signal from the 
10-volt signal is only of academic interest 
because it will never get the chance. 

The filters must be complemented by 
a meticulous job of shielding, isolating, 
bypassing and filtering to prevent de¬ 
gradation of the filter characteristics. In 
the DBR-1 each stage is individually 
shielded and double decoupled and the 


Fortunately for home-builders there is 
a $130 piece of equipment that, with a 
simple variable frequency signal source, 
will do almost the same job. This is the 
Heath SB-620 Spectrum Analyzer. My 
experience is limited to the SB-620 con¬ 
nected for a 455-kHz i-f, but it should 
give similar results at higher frequencies. 

Connect the end of the i-f strip to the 
i-f input jack on the rear apron of the 
SB-620 through a 5-pF, or less, capacitor. 
Place the function switch on the rear 
apron in the ham scan position. Set the 
variable sweep rate and the variable sweep 
width controls at the maximum counter¬ 
clockwise positions and the sweep width 


table 1. Comparison between some of the performance characteristics of a typical amateur-band 
receiver and the better military and professional class receivers. 

i-f front-end 



i-f 

image 



stop 

dynamic 

frequency 


feed thru 

ratio 

stability 

IM 

band 

range 

read-out 

commercial 

amateur receiver 

50 dB 

60 dB 

100 Hz 

per hour 

60 dB 

60 dB 

60 dB 

1 kHz 

best professional & 
military receivers 

100 dB 

100 dB 

1 Hz 

per month 

100 dB 

100 dB 

130 dB 

1 Hz 


heater leads are bypassed. A copper shield 
is soldered between the grid and plate 
pins of each i-f tube socket. These mea¬ 
surer insure a quiet and electrically stable 
i-f strip that takes full advantage of the 
filter characteristics. 

checking the i-f passband 

The most accurate and simple method 
of evaluating an i-f strip is to plot its 
passband and skirts point-by-point with a 
signal generator, counter and attenuator. 
This is fine for getting a picture of the 
final results, but it isn't something you 
want to repeat continuously during the 
alignment process. 

The requirements for sweeping a steep¬ 
sided, narrow passband are much more 
stringent than those for sweeping a tv i-f 
strip. You must sweep at a very slow rate, 
1 Hz or less, to show the steep sides and 
sharp corners. Commercial firms use 
special sets of equipment made by people 
like Rhode & Schwartz that sell for 
$10,000 or more. 


switch in the 50-kHz position. At these 
settings the sweep rate is about 2 Hz and 
the horizontal calibration of the screen is 
about 0.7 kHz per division. 

Connect a variable frequency signal 
source to the input of the i-f strip and 
manually sweep it slowly (say 5 seconds 
per sweep) back and forth across the 
passband. The peak of the pip will trace 
out the passband of the i-f passband on 
the face of the CRT (see fig. 2). 

Another method which is useful for 
examining the skirts of the passband is to 
feed the output of a noise generator into 
the i-f strip with the SB-620 connected 
and adjusted as before except that the 
sweep width switch should be in the 
10-kHz position. The result is a trace of 
the passband as shown in fig. 3. The top 
of the trace is jagged due to the random 
amplitude of the noise pulses but you get 
a good picture of the skirts which can be 
extended down to -60 dB by using the 
-20 dB log position of the amplitude 
scale switch. 
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Optimum reception of weak a-m sig¬ 
nals in the presence of noise, QRN and 
QRM demands the exalted-carrier tech¬ 
nique. In addition, the exalted carrier 
must be phase locked to the original 
carrier so that the technique of chopping 
off the a-m carrier with the filter in a ssb 
receiver and then using the bfo to replace 
it is ineffective. You must either lock a 
locally generated carrier to the original 
carrier or filter, process and amplify the 
original carrier. 

In the DBR-1 a 15- or 20-dB peak is 
superimposed on one edge of the pass- 
band with a Q-multiplier. 8 The carrier of 
the desired station is placed on the peak, 
exalting it in relation to the sidebands. 
The series resistor between the Q-multi¬ 
plier and the i-f transformer which is 
advocated in the referenced article is not 
used because the resistor restricts the 
height of the peak to only about 10 dB 
which is not sufficient. 

When used for carrier exaltation the 
Q-multiplier is best placed at the very end 
of the i-f strip. Here it is protected from 



fig. 2. I-f passband of DBR-1 as traced on 
SB-620 by slowly sweeping a CW signal across 
the i-f. Note that the sides of the passband are 
defined by the ascending and descending row of 
peaks at each side, not by the skirts of the pips. 
In practice only one pip is seen at a time, first 
climbing up one side, then across the top, and 
finally down the other side. Horizontal calibra¬ 
tion is about 0.7 kHz per division, vertical in 
dB. 


off-frequency stations by the filters and it 
“sees" all inband signals at about the 
same strength since the gain of the 
receiver is largely controlled by the i-f 
stages. The Q-multiplier is double de¬ 
coupled and completely shielded and has 



fig. 3. I-f patsband of DBR-1 as displayed on 
SB-620 with white noise fed Into I-f strip input. 
This gives good picture of the skirts which can 
be extended down to -60 dB with the built-in 
20 dB attenuator. Horizontal calibration Is 
about 0.5 kHz per division. 


parasitic supression resistors in both the 
gate and drain leads. Voltage is taken 
through a divider from the +105 volt line. 
The result is a remarkably stable Q-multi¬ 
plier which can be set on the verge of 
oscillation, if desired, and remain there 
indefinitely. 

The Q-multiplier is fix tuned to either 
the upper or lower edge of the passband 
and can be switched from one to the 
other for sideband selection. A small 
trimmer is mounted on the front panel 
for those occasions when the receiver is 
used as a tunable i-f. The Q-multiplier is 
then made to oscillate to serve as a bfo 
for ssb reception and the trimmer is used 
to position the carrier down the side of 
the passband. 

audio amplification 

This section of the receiver is often 
taken for granted, yet proper attention to 
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detail here can make a significant im¬ 
provement in the readability of signals. It 
has been shown that if the high speech 
frequencies are cut it is necessary to also 
cut some of the lows to maintain opti¬ 
mum readability. 9 - 10 In a properly de¬ 
signed ssb transmitter the lows are cut in 
the audio and filter stages. A-m broad¬ 
casts, on the other hand, carry the full 
audio range out to at least 5000 Hz. If 
you cut the highs at 2500 Hz and leave 
the lows, the speech will sound boomy 
and muffled. Roll off the lows below 300 
or 400 Hz and the speech becomes crisp 
and readable. 

Various exotic audio filters were tried 
in the DBR-1 with expensive high-Q 
inductors but the simple trick of using a 
small coupling capacitor to the audio 
output stage worked as well as any in 
practice. The switch marked audio filter 
shorts out the capacitor if the full re¬ 
sponse of the amplifier is desired. 

The audio noise limiter shown in the 
diagram is a solid-state copy of the limiter 
used in the Collins R390. Like all other 
audio limiters and clippers tried in the 
DBR-1 it is ineffective because of the 
filters and Q-multiplier ahead of it. Ex¬ 
periments with i-f limiting just before the 
second filter have been much more favor¬ 
able. The idea is to limit all signal and 
interference components in the passband 
to the level of the desired sidebands up to 
the point of carrier exaltation. 

conclusion 

The DBR-1 is a tailor-made receiver 
for my interests and location. It is superi¬ 
or to any receiver available commercially 
for the purpose for which it was designed 
and in the environment in which it is 
used. It is superior only because the 
market for such a receiver is so limited 
that no manufacturer could afford to 
design and build a receiver for that 
purpose. The future of homebuilt receiv¬ 
ers is in this area of "performance" or 
"competition" — receivers which are de¬ 
signed for ultimate operating characteris¬ 
tics for a specific, limited task. 
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integrated-circuit 

function 

Construction of a 
variable function generator 
that provides sine, 
square and triangular 
waveforms over the 
frequency range from 
1 Hz to 100 kHz 


I recently had need for a second audio 
generator when I became involved with 
some circuits requiring two different and 
simultaneous audio frequency inputs. 
After considering the alternatives. I de 
cided this would be as good a time as any 
to put to use a new waveform generator 
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1C that I purchased some time ago. I 
expected that the 1C would minimize the 
time required to go from drawing to 
finished generator. This proved to be the 
case. I highly recommend the function 
generator described here to anyone who 
needs a compact audio signal generator. 

general description 

The heart of this instrument is a 
waveform generator 1C manufactured by 
Intersil Inc. and known as the 8038.* The 
1C will produce sine, square and triangle 
waveforms over the frequency range from 
0.001 Hz to 1.0 MHz. Frequency may be 
continuously varied with a pot, program¬ 
med with fixed resistors or swept with a 
voltage ramp. The function generator 
described here covers the range from 1.0 

•The version of the 8038 1C used here is the 
8038CC which is an economy copy selling for 
under S4.00 in singles. Since Intersil products 
are not widely distributed through outlets 
available to most amateurs, drop me a line and 
let me know if you wish to purchase one or 
more of these ICs. If the demand is sufficient I 
will order enough to take care of requests. An 
sase would be appreciated. 
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Hz to 100 kHz in 5 decade bands. A pot 2 and permitting the cycle to repeat. The 

is used as the vernier element and a current level supplied by the two current 

5-position switch as the band selector. sources is controlled by either a series 

Since the outputs from the 8038 1C resistor to the power supply or an ex- 
are not all of uniform amplitude nor at ternal bias voltage, 
useful power levels, an amplifier was The bias voltage controls both sources 

added to each output along with trim- simultaneously and is normally used for 

mers for adjusting the output to a stan- fm or swept operation of the oscillator, 

dard level. The amplifiers each consist of Since the power supply connections for 

an op-amp and booster which is capable the current sources terminate at separate 

of driving low-impedance loads. pins, current levels may be controlled 

One final feature which was included independently with separate resistors, 

is adjustable offset for each of the out- This latter method is used when unsym- 

puts. This function may or may not be metrical waveforms such as a pulse or 

useful to you, but I find it helpful on sawtooth is desired, 

occasion and decided to 
include it since it only 
required the addition of 
3 pots and 3 resistors. 

8038 1C 

This 1C contains 
quite a bit of circuitry 
with over 50 transis¬ 
tors, some diodes and 
dozens of resistors 
squeezed onto the chip 
to accomplish the 
desired functions. Fig- 
1 is a block diagram of 
the 1C showing the 
relationships between 


fig. 1. Block diagram of the 
8038 waveform generator. 

r\n w 

the major sections of the waveform genera- By varying the ratio or charge to 

tor. discharge time of the timing capacitor. 

Initially, current source 2 is discon- the square-wave duty cycle may be varied 

nected and an external timing capacitor, from 2% to 98% and the triangular wave 

C, is charged through current source 1. adjusted for either a positive or negative 

When the voltage across C reaches the sawtooth or ramp. 

trigger threshold of comparator 1, an The waveform appearing across the 

output is generated which causes the capacitor is internally fed to a buffer 

flip-flop to change state and current amplifier and then to both the sine 

source 2 becomes active. converter and the output (pin 3). With a 

As the capacitor discharges towards a triangle input to the sine converter, total 
negative peak, it reaches the firing thres- harmonic distortion of the resulting sine 

hold of comparator 2 whose output resets wave is typically less than 1%. With 

the flip-flop, disconnecting current source proper adjustment distortion levels as low 
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fig. 2 . Three possible methods for connecting external timing resistors. 


as 0.5% are possible, according to the 
data sheet. 

The square wave is taken from one 
side of the flip-flop and is fed to a buffer 
amplifier having an uncommitted col¬ 
lector. Supply voltage for this stage is 
thus independent of the rest of the 
circuitry and allows use of a separate 
5-volt supply for TTL compatibility, if 
desired. 

The 1C will operate from either a 
single supply of from 10 to 30 volts or 
dual supplies of ±5 to ±15 volts. With 
dual supplies all outputs will be sym¬ 
metrical about ground. 

external connections 

Fig. 2 shows three possible connec¬ 
tions for the external timing resistors at 
pins 4 and 5. Potentiometer R fl controls 
the rising portion of the sine and triangle 
and the zero state of the square wave. 
The method used in fig. 2A is most 
desirable for large changes in duty cycle 
while that shown in 2B is used mainly to 
control frequency with minor changes in 
duty cycle. A 50% duty cycle results 
when R a = R B and if no adjustment is 
contemplated, the connection shown in 
fig. 2C may be used. Resistance values for 
R a and R b may vary from a minimum of 
500 ohms to a maximum of 1.0 megohm. 

Both frequency modulation and 
sweeping may be applied to the waveform 
generator. Fig. 3 illustrates how this is 


accomplished. For small deviations the 
modulating signal is applied to pin 8 
through a coupling capacitor. Pin 7 is an 
internally-set bias voltage which is nor¬ 
mally applied to the current sources by a 
direct connection between pins 7 and 8. 

The input impedance at pin 8 is 
around 8000 ohms and may be raised by 
inserting a resistor between the two pins 
as shown. For large deviations, or sweep- 



o 



fig. 3. Connections for fm (A) and sweep 
operation (B) of the 8038 1C. 
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fig. 4. Circuit diagram for the function generator. Numbered leads correspond to holes provided in 
the PC board. All resistors are V» watt, 5%. 


ing the oscillator, pin 7 is disconnected 
and the sweep voltage is applied between 
the positive supply and pin 8 as in fig. 3B. 
The sweep voltage must be confined 
within the limits V cc and 2/3 V cc . 


It may be noted that in most of the 
diagrams discussed so far, an 81k resistor 
is shown connected from pin 12 to the 
negative supply. Pin 12 is a sine wave 
adjustment point and 81k is an approxi- 
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mate value for minimizing distortion. If a 
100k pot is substituted for this resistor, a 
more accurate adjustment is possible. 
Additional improvement in correcting 
sine wave distortion is possible by apply¬ 
ing correction at both pin 1 and pin 12 as 
illustrated in fig. 3B. 


in the output afford some protection but 
it is not recommended that the output be 
short-circuited on a regular basis. 

Neither fm nor sweeping operation 
were incorporated in this instrument 
since I had no need for these functions. 
My other audio generator has wide range 
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fig. 6. Component layout for the function generator board. Numbered holes correspond to numbers 
on the schematic for external connections. All diodes are 1N914 or equivalent. Printed-circuit is 
shown in fig. 8. 


function generator 

The circuit for the function generator 
is shown in fig. 4. To achieve the desired 
bandwidth of 100 kHz, a high perform¬ 
ance op-amp was required for the three 
output stages. The Signetics NE531T was 
chosen since it is available from several 
sources at a reasonable price. This ampli¬ 
fier requires only a single external capaci¬ 
tor for compensation and has a full-power 
bandwidth well beyond 100 kHz. It also 
shows no tendency towards instability. 

The current boosters are a pair of 
complementary transistors with diode/re¬ 
sistor networks in the input to prevent 
crossover distortion. The 10-ohm resistors 
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sweep capability as well as CW operation 
so the function generator was kept to CW 
only. Of course, there is no reason why 
these functions could not be included if 
required and the preceding discussion 
should be helpful towards that end. 

Power supplies need not be regulated 
since frequency is not dependent on 
voltage as far as the 1C is concerned. If 
external bias is applied to pin 8 for either 
sweeping or setting frequency, however, 
stability will be affected by any fluctua¬ 
tions in this control voltage. It should be 
regulated. 

Frequency drift of the vco with tem¬ 
perature is 50 ppm/°C typical. This is 





quite good and applies over the range 
from 0°C to 70°C. In order to maintain 
low dissipation and allow little heating of 
the 8038, the 1C is run at the relatively 
low voltage of ±6 volts. The remaining 
circuitry operates at the full ±15 volts. 

The circuit for the power supply is 


The five timing capacitors and five cali¬ 
brating resistors are mounted right on the 
rotary switch assembly. The resistors are 
not installed until calibration has been 
completed, at which time the proper 
values will have been determined. The 
printed-circuit board is 5.6-inches (14.2 



fig. 7. Full-size component layout for the power supply. Printed circuit is shown in fig. 8. 


shown in fig. 5. A PC-type power trans¬ 
former was used since it was available, 
but a suitable substitute could be mount¬ 
ed in the same space if not too large. The 
power supply circuit board layout and 
parts placement are shown in fig. 7. 

construction 

All leads from the front panel of the 
instrument are routed directly to holes 
provided on the printed-circuit board. 


cm) long by 3.5-inches (8.9 cm) wide. A 
full-size layout is shown in fig. 6. 

calibration and adjustment 

When you are ready to fire up the 
function generator, preset all the trim¬ 
mers on the PC assembly to mid-position 
and temporarily connect a Ik pot in 
series with the arm of SI A and lead no. 3 
from the PC board. Set the pot for 
maximum resistance and turn the band 
switch to position 3 
(100 to 1000 Hz). Turn 
the frequency control 
pot to the high end and 
the offset controls, if 
used, to mid-position 
(zero offset). 

The triangle will be 
checked first since it 
will most clearly indi¬ 
cate proper symmetry. 
Connect your scope to 
the triangle output and 
apply power to the 



fig. S. Schematic for the power 
supply. 
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fig. 8. Full size printed-circuit layouts for the function generator (above) and power supply (below). 


generator. With the amplitude control at 
maximum, adjust trimmer R4 for a 10- 
volt peak-to-peak output. Adjust R6 for 
proper symmetry and then the temporary 
Ik pot for a frequency of 1.0 kHz. If a 
slight overlap is desired, adjust for a 
slightly higher frequency. Oscillator fre¬ 
quency with the vernier control at mini¬ 
mum should be 100 Hz or less. 

The sine wave should be adjusted next, 
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so transfer the scope probe to the sine 
wave output. With the amplitude at maxi¬ 
mum, adjust R3 for a 10-volt peak-to- 
peak output. Adjust trimmer R5 for 
minimum distortion of the sine wave. 

Next look at the square wave output. 
Both R2 and R1 must be adjusted for the 
desired 10-volt peak-to-peak output sig¬ 
nal. Trimmer R2 will cancel out the 
offset voltage present at the square wave 









output and R1 will control the ampli¬ 
tude. There is interaction between these 
two controls, but juggling back and forth 
a few times will accomplish the desired 
results. 

Measure the resistance of the tem¬ 
porary pot and make a note of the 
required value for this band. Go to each 
of the remaining bands in turn and 
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American Made Quality at Import Price 


Full 12 Channel, 15 Watts 
with HI/LO power switch 



The completed function generator and power 
supply circuit boards. 


determine a value of resistance to cali¬ 
brate each one. Remove the Ik pot and 
install fixed calibrating resistors at the 
proper points on the bandswitch. 

The 1.5- and 15-pF timing capacitors 
for the two lowest frequency bands 
should preferably be tantalum types. The 
remaining capacitors may be mylar or 
polystyrene. If any band gives calibration 
trouble, it may be due to a capacitor with 
a wide variation from the marked capaci¬ 
tance value and a replacement may be 
necessary. The trimmer resistors are the 
blue plastic vertical PC mounting type 
made by CTS and available from many 
distributors or at Radio Shack stores. The 
0.1-pF bypass capacitors are 50-volt discs 
while the 10-pF units are small dipped 
micas. 
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the need for 

coherent 

frequency- 

in RTTY 


A discussion 
of modern 
communications theory, 
and how it may 
be used to improve 
the performance of 
RTTY communications 
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In recent years many modern designs 
have been presented for high performance 
RTTY demodulators. 1 . 2 > 3 These units 
have used a-m demodulation techniques, 
acknowledged to be superior to fm, and 
incorporate excellent autostart features. 
Unfortunately, many RTTY enthusiasts 
consider these demodulators to be opti¬ 
mum for demodulating signals in noisy 
environments not realizing that, with 
slightly more elaborate signal-processing 
techniques, it is possible to achieve con¬ 
siderably better performance, especially 
when the signal-to-noise ratio (snr) is low. 
One such technique, as yet little explored 
in amateur radio communications, is the 
use of coherent demodulation. 

snr improvement 

It is universally recognized that there 
are severe limits in improving the snr at 
the receiver input — the most common 
method is to increase transmitter power. 
Those amateurs who admire the trend 
toward low power and solid-state trans¬ 
mitters are not at all pleased with this 
approach; it is expensive, limited to one 
kilowatt, and worst of all, does nothing 
to improve reception at your own station. 

With an rf preamplifier using modern 
transistors, the noise figure of virtually 
any amateur communications receiver can 
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be reduced. However, in all but the most 
mediocre receivers electronic noise is in¬ 
significant as compared to atmospheric 
noise and radiation from the sky and 
earth. Also, it would be possible to 
improve RTTY performance by increas¬ 
ing the duration of the mark and space 
pulses because the probability of a re¬ 
ceiver error (mistaking a mark pulse for a 
space pulse or vice versa) decreases with 
increase in pulse energy. Because of the 
standardization of mark and space pulses, 
however, this approach is impossible. This 
leaves signal processing as a technique for 
improving RTTY performance. The use 


ever, fm-based systems exhibit a thres¬ 
hold effect, and below a certain critical 
snr the signal becomes completely lost in 
noise. For this reason a-m systems, which 
at worst exhibit only a minute threshold 
effect, are preferred when difficult noise 
and interference conditions exist (the 
usual conditions on most amateur bands). 

The block diagram of a high- 
performance a-m FSK demodulator is 
shown in fig. 1. The first stage is a filter, 
used to minimize interference, which 
admits both mark and space signals. It is 
followed by separate mark and space 
filters and envelope detectors; these are 



fig. 1. Block diagram of an RTTY demodulator based on a-m techniques. 


of coherent techniques over envelope 
demodulation of the RTTY mark and 
space pulses offers the best practical 
improvement. 

RTTY demodulation 

Frequency shift keying (FSK) or 
radio-teletype (RTTY) is a type of modu¬ 
lation where the transmitted signal al¬ 
ternates between two distinct frequen¬ 
cies. Hence, it may be treated as a digital 
form of fm and demodulated by passing 
the signal through a limiter and dis¬ 
criminator. Alternatively, FSK may be 
considered as two on-off keyed signals 
and can be demodulated with a-m tech¬ 
niques; that is, using no limiter and an 
envelope or product detector. 

Because of their limiter, fm systems 
are capable of practically eliminating 
noise when the input snr is good. How- 


diode detectors followed by simple low- 
pass filters, and their output is the en¬ 
velope of the input pulse (see fig. 2). The 
output of one channel is negative with 
respect to ground, however, and the other 
positive. These outputs are then added 
and presented to the threshold corrector 
and slicer, which together form a sort of 
"decision" apparatus. 

The purpose of the decision stages is 
to decide which type of pulse, mark or 
space, was received. When the snr is good, 
there is little problem. However, if the snr 
is low, there is great uncertainty as to 
whether a mark or space pulse was 
received. One of the larger random fluc¬ 
tuations in the noise could cause a mark 
pulse to be mistaken for a space pulse, or 
vice versa, and the printer would print an 
improper letter. 

In making this decision, you are faced 
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with a problem. Unlike the signal, the 
noise voltage cannot be given a deter¬ 
ministic mathematical representation; 
however, its probability distribution is 
known (the probability that the noise 
voltage will not exceed any given value at 


will have the convolution of the Rice and 
Rayleigh densities as its probability densi¬ 
ty function. 

If no independent fading of the mark 
and space signals occurred, both channels 
were of equal gain, and both signals of 
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fig. 2. Operating character¬ 
istics of envelope detectors 
and coherent detectors. 
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a given time). During the interval in 
which you expect to receive a pulse, you 
observe a certain voltage at the output of 
the adder. Knowing the probability dis¬ 
tribution of the adder output voltage 
(which can be calculated, although with 
difficulty), you can determine whether 
the voltage is more probably caused by a 
mark or space, and decide accordingly. 

If the voltage is above a certain value. 


equal amplitude, the proper threshold 
voltage would be zero; that is, choose 
mark if the adder output is negative, and 
choose space if positive. There would be 
no need for the threshold corrector. 
However, the mark and space channels do 
undergo independent fading, so a non¬ 
zero threshold value is computed. The 
usual value of threshold voltage is chosen 
to be halfway between the average value 


table 1. Percent correct copy vs input signal-to-noise ratio. 

probability of error percent correct copy 



coherent 

non-coherent 

coherent 

non-coherent 

input snr 

FSK 

FSK 

FSK 

FSK 

0 dB 

0.15 

0.30 

32% 

8% 

2 dB 

0.10 

0.25 

48% 

13% 

3 dB 

0.05 

0.15 

70% 

32 % 

6 dB 

0.01 

0.10 

93% 

48% 

9 dB 

10' 5 

0.01 

99.9% 

93% 


a space was probably sent; if below, a 
mark. This middle value, where the prob¬ 
abilities are equal, is the threshold volt¬ 
age* and is determined by the threshold 
corrector. 

For those readers with a mathematical 
turn of mind, the detector output voltage, 
when a signal is applied, has a Ricean 
probability density. Noise alone has a 
Rayleigh density. At any time, one chan¬ 
nel has signal plus noise, the other has 
noise only, so the output of the adder 

•Not to be confused with threshold effects 
mentioned in connection with fm; these are 
entirely different phenomena. 


of mark channel output voltage and the 
average space channel output voltage: 

. . _ Vmark Vspace 

"thresh - 2 

Remember, V mark is negative and V space 
is positive. The line above V mark and 
V sP ace indicates an average value of 
voltage. This threshold voltage is at best a 
close approximation of the optimum, 
which is a complicated relation, practical¬ 
ly impossible to implement electronically. 

coherent demodulation 

An FSK demodulator using coherent 
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detection is shown in fig. 3. The post¬ 
detection filters are identical to those 
used in the non-coherent demodulator. 
Instead of using an envelope detector, the 
received signal is multiplied in a product 
detector by a sinusoid of the same fre- 


lation is that a signal identical in phase to 
the received signal must be generated. 
This task is best accomplished by a 
phase-locked loop. A detailed discussion 
of phase-locked loop operation is beyond 
the scope of this article (and beyond the 


INPUT 

FROM 
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fig. 3. Block diagram of a coherent a-m RTTY demodulator. 


quency and phase. Thus, the phase in¬ 
formation in the signal, which is ignored 
by the envelope detector, is used in the 
coherent detector to improve the signal- 
to-noise ratio at the detector output. 

The improvement over non-coherent 
FSK varies from 4 dB at low signal-to- 
noise ratios to 2 dB at high (greater than 
6 dB) snr. This means that using coherent 
detection instead of noncoherent detec¬ 
tion results in an improvement equivalent 
to an extra 4 dB of antenna gain or 
transmitter power. In terms of percent 
correct copy there is a noticeable im¬ 
provement (see table 1). It is clear that 
coherent modulation results in readable 
copy in situations where the best non¬ 
coherent FSK systems would print gib¬ 
berish. 

An added advantage, not considered in 
calculating table 1, is that 


scope of most communications theory 
textbooks, for that matter) but a simple 
description may be presented. You may 
consult the references for further in¬ 
formation. 

The phase-locked loop consists of a 
multiplier (product detector), lowpass fil¬ 
ter, and voltage-controlled oscillator (vco) 



V 


'mark 


+ V 


thresh 


space 


fig. 4. Coherent detector using a phase- 
locked loop. 


is precisely the optimum threshold for a 
coherent system. This arises from the fact 
that the probability density for the adder 
output voltage is a Gaussian function 
(bell-shaped curve), unlike that of the 
non-coherent system. 

The disadvantage of coherent demodu- 


(see fig. 5). The vco output and the input 
signal are applied to the product detector; 
its output is a beat frequency or, if the 
vco frequency and signal frequency are 
the same but the phases differ by other 
than 90°, a dc voltage. This voltage is 
applied to the vco which changes frequen- 
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cy by an amount proportional to the 
applied voltage until the signal and vco 
frequencies are the same and their phases 
are close to 90° apart. The result is that 
the vco output follows phase changes of 
the applied signal. The vco output, shift¬ 
ed in phase by 90°, is used for the 



fig. 5. Basic phase-locked loop consists of a vco, 
product detector and lowpass filter. 


heterodyning signal in the coherent de¬ 
tector. 

The coherent detector requires compli¬ 
cated circuitry. However, high quality 
phase-locked loops ICs are available com¬ 
mercially, some with capabilities for a-m 
as well as fm demodulation. Hence, the 
entire detector and phase-locked loop can 
be had with a single integrated circuit. 
One such 1C, available on the surplus 
market for about $3.60, is the Signetics 
NE561. Thus, for a total investment of 
about $7.00 over the cost of a conven¬ 
tional a-m demodulator, you can obtain 
the best possible RTTY demodulation. 

transmitter modifications 

In general, no transmitter modifica¬ 
tions should be necessary. It is possible to 
build a phase-locked loop demodulator 
which will lock onto the mark or space 
pulse well within its 22-millisecond dura¬ 
tion. However, during the time the loop is 
not locked, signal-to-noise ratio at the 
detector output is not optimum. This 
results in lowered performance. 

To minimize locking time, the phase 
of the mark and space pulses should be as 
constant as possible. Therefore, instead of 
one oscillator switched between two 
tuned circuits, the transmitter should use 
two free-running oscillators, one to gen¬ 
erate mark signals, the other for space 


signals. Keying is accomplished by switch¬ 
ing between the outputs of the two 
oscillators. In this way the phase-locked 
loops will not have to re-lock onto each 
successive pulse. It should be emphasized, 
however, that the coherent system des¬ 
cribed here will work with conventional 
FSK transmitters with superior per¬ 
formance as compared to that of non¬ 
coherent reception. 
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“I see it’s almost time for you and your ham 
set to renew your marriage license.” 
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a good 

two-meter 

Construction of 
a high-performance 
144-MHz preamp 
that provides 
15-db gain 
and low noise figure 


Recently I had need for a small, 
mechanically-stable, well-shielded, low- 
noise, two-meter preamplifier. The first 
three requirements were met by using a 
Pomona 2397 "Black Box." It is a cast- 
aluminium box measuring 2.2 x 2.8 x 
5.7 cm (7/8 x 1-1/8 x 2-1/4 inches). 
Because of the small size, direct wiring 
rather than a printed circuit was used; 


preamplifier 
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this might partially account for the good 
noise figure obtained. 

There are three important contributors 
to the noise figure (NF) of a preamp. 

1. The gain of the preamp and the NF 
of the stage following it. 1 This preamp 
has 15-dB gain which is adequate so long 
as the unit it is feeding is reasonably 
good; too much gain between the antenna 
and the first mixer is bad. 2 

2. The transistor. The RCA 3N159 has 
a respectable NF rating. 3 It is selected by 
the manufacturer to have a maximum NF 
of 3.5 dB and a typical NF of 2.5 dB at 
200 MHz; the performance will be better 
at 147 MHz. The 3N200 performs as well 
as the 3N159. 

3. The input circuit. The best transis¬ 
tor is worthless unless a low-loss (and 
thus low-noise) input circuit is used. The 
best input circuit coupling arrangement is 
the "tapped capacitor" and the worst is 
link coupling. 2 A good coil must be used. 
This circuit uses the JFD LC374 which is 
a combination piston capacitor and an air 
supported, silver plated coil. 

the circuit 

The preamp circuit is shown in fig. 1 
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and partial parts layouts are given in fig. 
2. Capacitors C2 and C3 provide the 
input coupling and present the proper 
"turns ratio" for impedance transforma¬ 
tion as well as providing most of the 
capacitance for resonating the input cir¬ 
cuit; both should be silver micas. LI and 
Cl are the JFD LC374. Cl is used mainly 
to physically support LI and one transis¬ 
tor lead, but it also provides a means for 
adjusting the resonant frequency of the 
input circuit. If all is proper, the input 
circuit should resonate with Cl near to its 
minimum capacitance. 

A dual-gate mosfet was used because it 
does not require neutralization (so long as 
adequate shielding, etc., are provided); 
this eliminated one coil and a lot of 
trouble. The 3N159 is the lowest noise 



Cl part of JFD LC374 tank circuit (see text) 
C2 10-pF silver-mica with 3N159, 8-pF silver 
mica with 3N200 

C3 15-pF silver-mica with 3N159, 12-pF sil¬ 
ver mica with 3N200 
C4 235-pF mica button 
C5 500-pF mica button 
LI JFD LC374 tank circuit (contains Cl) 

L2 6 turns no. 22 enamelled on a 5-mm 
(0.2”) diameter slug-tuned form, tap at 1 
turn 

fig. 1. The two meter preamp. Power is fed into 
the preamp through the rf output connector. On 
the right side is shown a power feed arrangement 
to be located inside the unit (receiver, converter, 
etc.) with which the preamp will be used. 



fig. 2. Permanently mounted component loca¬ 
tion. As viewed from above, the coil on the JFD 
LC374 is almost beneath its capacitor. Cl. The 
transistor is located between the mica button 
capacitors. Make sure that the transistor will fit 
between the capacitors before mounting them. 

RCA unprotected dual-gate mosfet but 
since it does not have internal gate 
protection, caution should be observed in 
handling the device. Of the protected 
RCA dual-gate mosfets, the 3N200 has 
the best NF specification. However, the 
3N200 has higher input and output 
capacitances than the 3N159. Therefore, 
if a 3N200 is used in this circuit, use an 
8-pF silver-mica for C2 and a 12-pF 
silver-mica for C3.* 

construction 

As can be seen in fig. 2, C4 and C5 are 
button-mica capacitors. They support 
two of the transistor leads. Their values 
may seem small, but these values were 
chosen to provide series resonance with 
the transistor leads. 

The value of R1 was optimized to give 
minimum NF with 10-volts dc applied to 
the preamp. However, if other considera- 

*The Texas Instruments 3N204 and 3N211 
appear to be good alternates for the RCA 
3N159 and 3N200. Although the 3N204 has a 
lower gain than the 3N211, it has a better noise 
figure. The author has not yet tried the Tl 
transistors in the preamp. Editor. 
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tions are important, it can be increased in 
value. 3 

The output tank is a conventional 
slug-tuned coil, 5-mm (0.2-inch) diam¬ 
eter, with 6 turns number-22 enamelled 
wire, tapped 1 turn from the cold end. 
Depending upon the coil form and slug 
characteristics, C6 might have to be 
changed to obtain the proper resonant 
frequency. 


alignment 

Alignment is quite simple. Adjust Cl 
and L2 for maximum signal. Then adjust 
Cl for minimum noise figure. (Note that 
tuning can be accomplished from the 
outside with the cover on.) If noise 
measuring equipment is not available, the 
approximate minimum noise figure can 
be obtained by tuning Cl on the low 



Construction of the low-noise two-meter preamp showing the component layout. Case is a small 
cast-aluminum box made by Pomona (see fig. 2). 


It was considered undesirable to pro¬ 
vide a separate input for the dc feed 
because of the small physical size of the 
preamp. Therefore, dc power is fed 
through the output coax (this is desirable 
for antenna-mounted preamps). An 
arrangement for feeding the dc into the 
coax is shown on the right side of fig. 1. 
If direct dc feed is desired, C7 can be 
replaced by a feedthrough capacitor such 
as a Centralab FT 2300; then, a 1000-pF 
ceramic should be inserted in series with 
the output connector at the point indi¬ 
cated by an X. 

To assure good contact between the 
coax connectors and the box, the threads 
in the connector flanges were drilled out, 
and the box was drilled and tapped for 
4-40 machine screws. The screws project¬ 
ing through the box provided a good 
means for obtaining ground points. 
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frequency side of the resonance (run the 
piston into Cl); tune either for approxi¬ 
mately a 10% decrease in output signal or 
turn the piston into Cl by about one-half 
turn. 

The good results were obtained by 
using the Pomona "Black Box" (actually, 
it is blue), the JFD tank, the dual-gate 
mosfet, and the tapped capacitor input 
circuit. Don't cheat yourself—buy the 
proper components. 
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2. SAX-1 TRANSISTOR 
RF AMP 

A small signal amplifier lo drive 
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5. OX OSCILLATOR 

Crystal controlled transistor type. 
Lo Kit 3.000 to 19,999 KHz. Hi Kit 
20,000 to 60.000 KHz (Specify 


when ordering) 


write for 
CATALOG 


INTERNATIONAL 
PRECISION RADIO CRYSTALS 


International Crystals are available from 70 KHz 
to 160 MHz in a wide variety of holders. 

Crystals for use in military equipment can be 
supplied to meet specifications MIL-C-3098E. 


CRYSTAL 

TYPES: 


(GP) for "General Purpose" 
applications 

(CS) for "Commercial Standard" 

(HA) for "High Accuracy" close tem¬ 
perature tolerance requirements 


CRYSTAL MFO. CO., IIMC. 

lO NO Ltt • OK LA CITV OK LA 73102 


More Details? CHECK-OFF Page 94 


june 1974 M 39 









optimum height 

for 

horizontal 

■ 

> 

" 3 ? 

k- 

a) 
> 

E 

D 

a> 

+■* 

How to choose 5 

CD 

C 

antenna height | 

to put your signal | 

«-* 

CD 

k_ 

where you want it | 

-J 

to go | 
0) 
M 
0> 
cc 

V) 

u 

'c 

o 

k_ 

o 

_q; 

LU 


A recent magazine article 1 showed that _j 
the higher the better holds true for the gain g 
of a horizontal dipole, and presented a 0 - 
graph showing improvements of over 20 j 
dB with increased height. Since 20 dB is a yj 
pretty healthy gain, I decided a further £ 
consideration of this approach to increas- .a 
ing antenna gain was called for. cc 


40 d june 1974 


antennas 

Any antenna book will show that the 
distant field strength from a horizontal 
dipole is proportional to sin (h sina), 
where h is the electrical length and a is 
the radiation angle. This equation is, 
however, too simplified for many practi¬ 
cal antenna comparisons. As is often the 
case, I fall back to Kraus' Antennas 2 and 
his equation (11-87) on page 305 is 
pertinent here. This equation gives the 
gain for a half-wave horizontal antenna 
above ground referenced to a half-wave 
antenna in free space. Thus it allows 
comparison to be made to a standard 
reference, as well as comparison of one 
real antenna to another. 

The equation is: 

/ p 

G=Vb -— |2 sin (h r sin a)\ 

r 12 = A/2 self resistance 

r 1l = A/2 loss resistance (assumed 

zero here and in Kraus' 
Antennas) 

R m = mutual resistance between A/2 
and its image 2h away 
h r = (2rr/A)h 

Where R n is 73 ohms at an infinite 
height, and (Rn — R m ) is the antenna 
resistance at any given height, as shown in 


fig. 2-45 of the ARRL Antenna Hand¬ 
book, 3 or Kraus, page 305. 

determining factors 

This equation shows that the differ¬ 
ence in gain between two antennas of 
different height occurs at certain combin- 


free-space antenna is only 2 to 1? It is a 
case of comparing apples to oranges. The 
2 to 1 improvement figure refers to the 
comparison of the field strength of a 
certain height real-life horizontal dipole 
at the radiation angle giving maximum 
field strength to a similar one in free- 


table t. Vertical-radiation from various height horizontal antennas, as compared to a 
half-wave dipole in free space (see fig. 1). The last column shows angle at which 
maximum radiation occurs. 


antenna height 


(radians) 

(wavelength) 

a 

a 

Hr 

h 

X 

2° 

10° 

36 ° 

0.1 

0.08 

0.41 

90 ° 

0.25 

0.10 

0.49 

108 ° 

0.30 

0.11 

0.56 

126 ° 

0.35 

0.13 

0.64 

180 ° 

0.50 

0.22 

1.06 

270 ° 

0.75 

0.32 

1.45 

360 ° 

1.00 

0.44 

1.77 


ations of height and radiation angle, that 
the antenna resistance is an important 
term when the usual assumption of con¬ 
stant power is used, that electrical height 
should be used, and that the maximum 
gain of a real antenna over one in free 
space is 2 to 1. 

How, then, can you get more than 6 
dB gain when the maximum gain over a 


90 ' 



fig. 1. Relative field strength for horizontal 
half-wave antennas vs h in wavelengths as a 
function of radiation angle for constant power. 


vertical radiation angle 


a 

a 

a 

a 

a 

20 ° 

30° 

60° 

90° 

max 

0.79 

1.15 

1.93 

2.19 

90 ° 

0.94 

1.29 

1.79 

1.83 

o 

O 

Cl 

1.05 

1.41 

1.74 

1.65 

56 . 4 C 

1.17 

1.53 

1.63 

1.39 

45 . 6 C 

1.79 

2.04 

0.83 

0 

30 . 0 C 

1.98 

1.40 

1.60 

1.98 

19 . 5 C 

1.67 

0 

1.49 

0.0 

14 . 5 C 


space. The over-6 dB case involves 
comparing the field of one real antenna 
to the field of another real antenna, at a 
certain radiation angle. We will see, how¬ 
ever, that a 20-dB improvement does not 
always result, depending upon what com¬ 
bination of a, (R 1X - R m ), and h r is 
used. 

The equation shows that at any height 
between 0.1 and 0.25 wavelength the 
maximum field of a horizontal is always 
at a radiation angle of 90° (straight up!), 
although the low-angle radiation does 
increase at the 0.25 wave height. Above a 
quarter wave each height, h, has an angle 
where the maximum radiation occurs, as 
shown below: 


h/X 

a 

0.25 

90 ° 

0.30 

56 . 4 ° 

0.35 

45 . 6 ° 

0.50 

30 . 0 ° 

0.75 

19 . 5 ° 

1.00 

14 . 5 ° 


This shows why it is so hard to get good 
low-angle radiation with a horizontal 
dipole on 80 meters. This is also what got 
me interested in using verticals for 
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80-meter DX. Antenna height in wave¬ 
lengths should be used with the formula, 
or at least the height in feet should be 
converted to wavelengths, as the results 
will then apply to any amateur band. A 
10-foot (3-meter) high dipole works a lot 
differently at 80 meters than one at that 
height for the 20-meter band. 

The equation, or better yet the prin¬ 
ciples upon which it is based, shows zero 
radiation at a radiation angle of zero 
degrees. This is because the antenna and 
image have currents equal in strength, but 
opposite in phase, so the field at a 
distance cancels at a = 0°. There is, how¬ 
ever, radiation at angles for a > 0°. This 
radiation is plotted in fig. 1. 

examples 

To illustrate these points, consider 
some examples using an h of 0.1 wave¬ 
length as compared to one of 1 wave¬ 
length, at several radiation angles. The 
field from either is zero at a = 0°. Next 
use a = 3°. 

The gain of an antenna 0.1 wavelength 
high compared to one in free-space at a = 

3 0 

is: 

G=y/-£f 12 sin (36° x sin 3°)| 

= 1.86 x2 x0.0329 = 0.1226 

For the 1-wavelength high antenna at 

a = 3°, 

G=yi 12 Sin (360 x sin 3°)| 

= 1 x 2 x 0.3229 = 0.6459 

The gain of the 1-wavelength high an¬ 
tenna over the 0.1-wavelength height is 
(0.6459/0.1226) = 5.27, or 14.4 dB. This 
is about the best improvement that ( 
calculated at this radiation angle. Other 
10 to 1 height ratios gave the following 
gains: 

0.5/0.05 10 dB 

0.35/0.035 3 dB 

0.6/0.06 11 dB 

It is possible that there could be 20-dB 
improvement at smaller radiation angles, 
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but the actual field-strength values would 
be quite small at such low angles. Let's 
try a = 14.5°, where the 1-wavelength 
antenna height has radiation maximum. 

G for h = IX and a = 14.5° is 2.0 
G for h = 0.1X and a = 14.5° is 0.5828 
G (1A/0.1X) = 10.7 dB 

At 30°, the 1 wavelength high antenna 
has no radiation, so the 0.1 wavelength 
height would be a better choice and 0.5 
wavelength would be even better since its 
maximum radiation occurs at a = 30°. 
Any number of examples could be worked 
out, but all of these appear in fig. 1. 
Using it or the data in table 1, you should 
be able to select the optimum antenna 
height for the radiation angle of greatest 
interest to you. 
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"I’m expecting to experience strong inter¬ 
ference on an unwanted sideband . . . My 
mother-in-law is coming to visit.” 
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local-oscillator waveform 


effects on 
spurious mixer 
responses 

Tests with 
doubly-balanced 
1C mixers 
and dual-gate 
mosfet mixers 
indicate no 
detrimental affects 
with square-wave 
injection signals 


Up until now receiver local oscillators 
have been crystal or LC controlled and 
the waveform was of no particular signifi¬ 
cance. The output of these oscillators was 
a fairly good sine wave. Everyone ac¬ 
cepted, without question, that the local 
oscillator output should b e clean. Current 
receiver designs require that the first local 
oscillator be crystal controlled at 500 
kHz intervals throughout the high- 
frequency spectrum. The frequency 
synthesizer seems to be a natural for this 
but it can introduce some problems. 

The output of a synthesizer is often a 
square wave, and in the usual tunable i-f 
receiver, the use of a tuned circuit to 
clean up the waveform could become 
very complicated. The question has arisen 
in my mind, can I get away with using a 
square-wave local oscillator? 

I feel, as do most hams, that one good 
test circuit is worth a thousand words of 
theoretical discussion. I decided to try 
two different mixer circuits. The first was 
an integrated circuit doubly-balanced 
mixer, the Signetics N5596, which is 
equivalent to the Motorola MCI596. 1 
The other circuit I tried was a dual-gate 
mosfet, the MPF122. The reason for 
using these circuits was that I planned to 



fig. 1. Test setup for comparing performance of 
N5596 1C mixer and dual-gate mosfet mixer 
with square-wave local oscillators. 
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use them in some projects which are now 
in the planning stage. 

test procedure 

The source of sine-wave local oscillator 
was a homebrew signal generator built 
around a General Radio Unit Oscillator 


10 MHz to obtain a beat with the 
fundamental of the local oscillator, and 
the signal level was adjusted for a reading 
of 20 dB over S9 at the receiver. Next, 
the 608A signal generator was set to 
obtain a beat with the harmonics of the 
local oscillator injection frequency and 


+ 5V 7404 +SV 



fig. 2. Simple 1C circuit for generating a square-wave output from the sine-wave generator. 


(fig. 1). The square-wave source was 
derived from the sine-wave source using 
the circuit shown in fig. 2. The 10-turn 
pot is a symmetry adjustment and in all 
cases was adjusted for minimum second 
harmonic response of the mixer circuit 
under test. The signal source was a 
Hewlett-Packard 608A signal generator 
which has a minimum frequency of 10 
MHz. The receiver used was a Drake 2B. 

In all tests, the local oscillator was set 
to 6 MHz and the receiver was set to 4 
MHz. The signal generator was first set at 


the 608A. The attenuator was reset to 
maintain the former S-meter reading at 
the receiver. 

For example, the third-harmonic spuri¬ 
ous response of the mixer was checked by 
setting the 608A at 14 MHz to beat with 
the third harmonic of the injection fre¬ 
quency. Then the signal level was in¬ 
creased until the S-meter once again read 
20 dB over S9. If the signal level required 
was at or above the overload level, the 
data point was thrown out. 

The N5596 1C was connected as 


+ I2V 



fig. 3. High-frequency mixer circuit using the Signetics N5596. Resistor marked with an asterisk is 
removed when using a square-wave local-oscillator. 
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table 1. Harmonic response of N5596 1C balanced mixer 


in dB below fundamental response. 

dB with 

60 mV rms 

dB with 
300 mV p-p 

harmonic 

frequency 

sine-wave 

square-wave 

number 

(MHz) 

injection 

injection 

1 

2 

NM 

NM 

1 

10 

0 

0 

2 

8 

NM 

NM 

2 

16 

-40 

-44 

3 

14 

-19 

- 9 

3 

22 

-17 

- 9 

4 

20 

OL 

-41 

4 

28 

OL 

-48 

5 

26 

-34 

-12 

5 

34 

-33 

-10 

7 

38 

OL 

-14 

9 

50 

OL 

-14 

11 

62 

OL 

-13 

13 

74 

OL 

-12 

15 

86 

OL 

- 7 


shown in fig. 3. The balance control was 
adjusted by setting the local oscillator to 
4 MHz and adjusting for minimum carrier 
feedthrough. Table 1 shows the results of 
the tests. The spurious responses are given 
in dB relative to the fundamental re¬ 
sponse at 10 MHz. The injection voltages 
given in the column headings are ac¬ 
cording to data supplied by Signetics. 2 

In the table, the notation OL means 
that an overload signal level was required 
to produce a 20 dB over S9 meter 
reading. The note NM means that no 
measurement was taken at this frequency. 

The dual-gate mosfet mixer is shown 
in fig. 4. I did not have very much data 
on the MPF122 so I guessed that the 
output impedance would be about the 
same as the N5596. The value of the 
source resistor comes from a page of the 
information supplied by Circuit Special¬ 
ists Company. Gate two was placed at dc 
ground because this gave maximum con¬ 
version gain. 

The chosen injection voltage of 1-volt 
rms seemed to be optimum. The 5-volt 
p-p square wave was chosen to maintain 
the same sine-wave voltage to square-wave 
voltage ratio as that used for the N5596 
1C. 

As a final check, the square wave was 
viewed on an oscilloscope and it was 
confirmed that the minimum second har¬ 
monic response really did occur when the 
square-wave was symmetrical. The results 
of testing the MPF122 mixer are given in 
table 2. 

conclusions 

One of the more obvious conclusions 
is that the local oscillator should be 
operated above the incoming signal. For 
the frequencies used here, the received 
frequency would be 2 MHz. The closest 
spurious signal is at 8 MHz which could 
be attenuated by a preselector of good 
design. On the other hand, if the 10-MHz 
signal were used, the 8-MHz spurious 
could be rather troublesome. 

In both mixer circuits, using a square- 
wave injection actually reduces the 
second harmonic product. If the preselec¬ 
tor has very good ultimate attenuation. 


the use of square-wave could be advan¬ 
tageous. 

The harmonics of very high order are 
much stronger with a square wave than 
with a sine wave and although this may 
not cause any trouble in a receiver, the 
presence of vhf spurious signals in a 
transceiver or transmitter could make 
TVI reduction more difficult. If a pre¬ 
mixer and fixed first i-f are used, the first 
mixer injection waveform can be easily 
cleaned up by simply adding another gang 
to the preselector. 

A type-D flip-flop might be a useful 
premixer because its output is only the 


table 2. Harmonic response of dual-gate MPF122 mosfet 
mixer in dB below fundamental response. 




dB with 

dB with 



1-V rms 

5-V p-p 

harmonic 

frequency 

sine-wave 

square-wave 

number 

(MHz) 

injection in 

injection 

1 

2 

NM 

NM 

1 

10 

0 

0 

2 

8 

NM 

NM 

2 

16 

-15 

-47 

3 

14 

-12 

-10 

3 

22 

-13 

- 9 

4 

20 

-23 

-41 

4 

28 

-22 

-43 

5 

26 

-23 

-13 

5 

34 

-22 

-12 

7 

38 

NM 

-18 

9 

50 

NM 

-15 

11 

62 

NM 

-21 

13 

74 

NM 

-15 

15 

86 

NM 

-10 
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difference frequency (plus odd harmon¬ 
ics) with no sum or original frequencies 
coming through. 

afterthoughts 

The article by Moore 3 arrived too late 
to be factored into the preparation of this 
article. He points out that one manu¬ 
facturer of professional receivers uses 
square-wave injection voltage to the 
mixer. This adds relevance to the work 
done in this article. 



fig. 4. High-frequency mixer circuit using an 
MPF122 dual-gate mosfet. Resistor marked 
with an asterisk is removed from the circuit 
when using a square-wave local oscillator. 

I did notice that the input voltage 
required to saturate the mixer was slight¬ 
ly higher when a square wave was being 
used as the local oscillator. This was true 
for both circuits. In general it seems to be 
possible to replace a double handful of 
crystals with a frequency synthesizer if 
some care is taken with the overall 
receiver design. 
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Partial Listing 
from our new 
’74 catalog ... 


General Electric 
Telephone Control Heads 
with handsets, 
less brackets, as is, 


2 Meters 

General Electric 
Progress Line 
4 freq. transmit 
and receive decks. 

GE #7776221-G7, 144-174 MHz 


GE #7776221-G8, 450-470 MHz, 


6 Meters 

General Electric 
330 watt power amplifier only, 
type EF4A, 42-50 MHz. 
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If youfe bored with TV, 



try watching ours. 


We’ve put RTTY in its place. On 
television. And watching TV was 
never more exciting. The HAL 
RVD -1002 takes the output of any 
TU and converts the signal to 
one that's compatible with any TV 
receiver (with slight modifica¬ 
tion). Or the signal can be fed 
directly to a video monitor. 

The RVD-1002 is compatible 
with signals from any TU at 60,66, 
75 or 100 WPM. The RVD -1002 
means an end to the headaches 
of electromechanical printers — 
and the beginning of silent, re¬ 
liable, low-power-consuming, 
trouble-free RTTY reception. 

Whether you’re into amateur 
RTTY, or thinking about it, or just 
interested in "seeing" what all 
those RTTY signals you hear are 
saying, the RVD-1002 is the 
perfect answer. HAL also offers 
the RVD-2110 (a complete, all¬ 
channel TV set, plus RTTY read¬ 


out). And if you’re looking for one 
of the best TU's around. HAL has 
the answer — in the ST-6. The 
ST-6 is practically immune from 
interference, is all-solid state, has 
features like autostart and anti- 
space, shift selection and much 
more. For transmitting, there's 
the HAL RKB-1 TTY keyboard, 
with features like auto letter/ 
number shift at all four RTTY 
speeds. And all HAL products are 
built with care, based on sound, 
proven engineering and use only 
the finest state-of-the-art 
components available. 

If you're looking for better tele¬ 
vision programming, get into the 
exciting world of video-displayed 
RTTY from HAL. Whether you 
want to ham it up or catch the 
latest news, or just explore the 
very wide world of RTTY enter¬ 
tainment, HAL has it. And it’s a 
really big show! 


RVD-1002 video unit: S575. 
RVD-2110 monitor/TV: $140. 
ST-6 RTTY terminal unit: $310. 
RKB-1 TTY keyboard: $250. 
RKB-1 TTY keyboard: $250. 


HAL Communications Corp. 
Box 365. Urbana, III 61801 
Telephone: (217) 359-7373 

□ Enclosed is 

S_(RVD-1002 video unit) 

$_(RVD-2110 Monitor/TV) 

$_(ST-6 RTTY TU) 

S_(RKB-1 TTY keyboard) 

□ Charge Master Charge #_ 

□ Charge BankAmerlcard t _ 

O M/C Interbank #_ 

Card exp. date_ 

□ Please send me the HAL catalog. 


Name 


Address 


City/State/Zip 

All prices Include USA shipping. 
Add S10 each for air shipment. 
Illinois residents add 5% sales tax. 
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Morse and RTTY 
from one keyboard? 


Meet the two and onlyL 


The HAL DKB-2010 Dual Mode 
keyboard is one of the most so¬ 
phisticated products ever offered 
to the radio amateur. It's an all 
solid state keyboard that allows 
you to send either RTTY or CW — 
with more ease, more versatility 
than anything you've ever seen 
before. 

In the RTTY mode, you can 
transmit at standard data rates of 
60, 66, 75 or 100 WPM, as well 
as an optional 132 WPM, 100 
baud. In addition to the complete 
alphanumeric keys, you get 17 
punctuation marks, 3 carriage 
control keys, 2 shift keys, a break 
key, 2 three-character function 
keys, a "DE-call letters" key and a 
"Quick brown fox ..test key. 

In the CW mode, you can send 
at speeds anywhere between 
8 WPM and 60 WPM. You can also 
adjust dot-to-space weight ratios 
to your liking. For CW, you have 
all alphanumeric keys, plus 11 
punctuation marks, 5 standard 
double-character keys, 2 shift 
keys, a break-for-tuning key, error 
key, "DE-call letters" key, plus 


2 three-character function keys. 
Output interfacing is compatible 
with cathode keying or grid-block 
keying. A side tone oscillator and 
built-in speaker allow you to 
monitor your signal — with adjust¬ 
able volume and pitch controls. 

The DKB-2010 also has a three- 
character memory buffer which 
operates in either the RTTY or 
CW mode, allowing you to burst 
type ahead without losing charac¬ 
ters A 64-character memory 
buffer is also available as an 
option. Key function logic in either 
mode is governed by LSI/MOS 
circuitry. All key switches are 
computer grade. 

The DKB-2010 is available 
assembled or in kit form. Should 
you choose the kit, you’ll find 
construction easy — the unit con¬ 
sists of three assemblies: power 
supply board, logic PC board, 
keyswitch PC board, and pre¬ 
assembled wiring harness. 

Any way you look at it — as an 
easy-to-build kit, a complete 
assembly, as a CW keyboard, or 
an RTTY keyboard, the HAL 


DKB-2010 is a real breakthrough 
for every amateur. It adds a whole 
new dimension to the exciting 
world of amateur radio. Once 
you've used the DKB-2010, you'll 
wonder how you ever got along 
without it! 

Prices: $425 Assembled: 

$325 Kit 


HAL Communications Corp 
Box 365 . Urbana. Ill 61801 
Telephone (217) 359-7373 

□ Enclosed Is $_(Assembled) 

$_(Kll) 

Call letters_ 

□ Charge Master Charge #_ 

□ Charge BankAmericard #_ 

M/C Interbank #_ 

Card Exp date_ 

□ Please send me the HAL catalog. 


Name 


Address 


City/State/Zip 

All prices include USA shipping 
Add SI0 lor air shipment. 

Illinois res. add 5% sales lax 



More Details? CHECK-OFF Page 94 
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understanding 

spectrum 


Spectrum analyzers 
are very useful 
in radio communications — 
here's how they work 
and how to use them 


Spectrum analyzers are instruments 
which display signal amplitude versus 
frequency on a cathode-ray tube (CRT). 
Fig. 1 shows how a typical spectrum 
analyzer CRT display might appear. The 
three vertical responses are produced by 
three separate input frequencies, and the 
jagged nature of the base line is caused by 
the system noise. CW signals appear as 
vertical lines, and modulated signals will 
show sidebands. 

The Heathkit SB-620 Scanalyzer is a 
special-purpose spectrum analyzer which 
is used in conjunction with a communica¬ 
tions receiver. It displays all signals whose 
frequencies are within a few hundred kHz 
of the frequency to which the receiver is 
tuned. Thus the operator may visually 
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analyzers 

observe the activity on the band and see 
where the strong signals and clear fre¬ 
quencies are located without having to 
tune his receiver. 

operation 

Fig. 2 is a simplified block diagram of 
a spectrum analyzer. It is nothing more 
than a receiver whose frequency is swept 
across a certain band, and whose output 
causes a vertical deflection on the CRT 
for each input signal encountered. 

The input network may vary according 
to system requirements. It may contain a 
filter to limit the input signals to the 
desired frequency range, and thus prevent 
image responses. An amplifier may also 
be included to improve sensitivity. 

The mixer produces an i-f output 
whose frequency is the difference be¬ 
tween the input frequency and the local 
oscillator frequency. This output is ampli¬ 
fied by the i-f amplifier, detected, and fed 
to the vertical deflection plates of the 
CRT. 

As is the case with an ordinary re¬ 
ceiver, the frequency of the spectrum 
analyzer is controlled by varying the 
frequency of the local oscillator (LO). 
Since the spectrum analyzer must auto¬ 
matically and continuously sweep across 
a band of frequencies, the LO must be 
voltage controlled so that its frequency 
may be varied by changing its control 
voltage. 

A sawtooth waveform generator pro- 
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vides the control voltage for the LO and 
the sweep signal for the horizontal de¬ 
flection plates of the CRT. This arrange¬ 
ment causes the electron beam in the 
CRT to move horizontally across the face 
of the CRT as the frequency of the LO 
changes. Thus the horizontal position of a 
vertical response on the CRT is directly 
related to frequency. For good accuracy 
it is important that the sawtooth wave¬ 
form be linear, and that the relationship 
of control voltage to LO frequency also 
be linear. 

As an example of how the spectrum 
analyzer performs, assume the input fre¬ 
quency range is 3 to 8 MHz, and the 
center frequency of the i-f amplifier is 9 
MHz. The LO must sweep from 12 to 17 
MHz to produce a difference frequency 
of 9 MHz between the LO and input. If 
an input signal exists at 4 MHz, an i-f 
signal will be produced when the LO 
frequency sweeps through 13 MHz. 

i-f bandwidth 

It is desirable that a CW signal appear 
as a straight vertical line on the CRT. To 
approach this condition, however, the i-f 
bandwidth must be very small compared 
to the frequency range swept by the 
spectrum analyzer. In the example above, 
the horizontal scale of the CRT would 
cover 3 to 8 MHz, a sweep width of 5 
MHz. In this case, an i-f bandwidth of 5 



- FREQUENCY -► 

fig. 1. Typical spectrum analyzer display (CW 
signals). 


kHz would give good resolution because 
it represents only 0.001 of the total 
horizontal scale. The CRT response to a 
CW signal would be quite narrow, being 
only 0.001 of the total horizontal scale at 
the 3-dB points. 

If, however, the spectrum analyzer is 
adjusted so that the total frequency range 
swept is from 3.00 MHz to 3.05 MHz (a 
sweep width of 50 kHz), then a 5 kHz i-f 



bandwidth would be only one-tenth of 
the horizontal scale. This would produce 
a poor display such as that shown in fig. 
3, and the display would show the fre¬ 
quency response of the i-f passband 
rather than the desired vertical line. This 
illustrates why the ratio of sweep width 
to i-f bandwidth should have a value of at 
least 100, and preferably higher. 

sweep speed 

As the i-f bandwidth is decreased, it 
lowers the limit on how fast the fre¬ 
quency range may be swept. This is 
because the rise time of the i-f amplifier 
increases as its bandwidth is decreased. If 
the spectrum analyzer sweeps by a signal 
too rapidly, the i-f amplifier won't have 
time to respond to it. 

Another problem encountered when 
the i-f amplifier frequency response has 
steep skirts is that ringing will occur if the 
sweep speed is too fast. This will produce 
a distorted display such as that shown in 
fig. 4. It can be shown mathematically 
that, if the i-f passband is determined by 
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a single tuned circuit, the minimum i-f 


bandwidth should be 

1 .g / sweep width ... 
^ sweep time 


i-f BW min > 


This is seldom if ever the case, because a 
single tuned circuit would not provide 
sufficient selectivity. 



SWEEP WIDTH 

“ - SO kHz ™ 

fig. 3. Poor resolution of the spectrum analyzer 
display occurs when the i-f bandwidth of the 
instrument is too large a fraction of the sweep 
width. 


It has been determined empirically 
that if the i-f passband has a nearly ideal 
rectangular shape, the minimum i-f band¬ 
width should be 


i-f BW min 


> iq / sweep width 
v sweep time 


( 2 ) 


As an example, assume the horizontal 
scale of a spectrum analyzer CRT is to be 
500 kHz wide, and the time of one sweep 
is to be 0.01 second (this corresponds to 
a sawtooth frequency of 100 Hz). The 
minimum i-f bandwidth is found from eq. 
2 to be 

i-f BW = 10 y 50 g'gf = 70.7 kHz (3) 


Obviously the i-f bandwidth is too 
wide to give a satisfactory display, be¬ 
cause it is 14 percent of the total hori¬ 
zontal scale. To obtain a reasonable dis¬ 
play, the sweep speed must be decreased 
to accommodate a suitable i-f bandwidth. 
Assuming that a 5-kHz i-f bandwidth will 
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be narrow enough, eq. 2 may be rear¬ 
ranged and solved for sweep time. 


sweep time = 


100 (sweep width) 
(i-f BW) 2 

100(500,000) 

(5000) 2 


(4) 


= 2 seconds 


This corresponds to a sawtooth fre¬ 
quency of 0.5 Hz. With such a slow sweep 
speed, a CRT having long persistence 
phosphor becomes desirable. It should be 
remembered that somewhat faster sweep 
speeds may be used as the i-f passband 
skirts become less steep. 

conclusion 

This brief article only barely intro¬ 
duces you to the subject of spectrum 
analyzers and some of the more im¬ 
portant design constraints and criteria, 
but it is hoped that it will assist those of 
you who are interested in designing. 



fig. 4. Spectrum analyzer ringing, shown here, is 
due to excessive sweep speed. 


building or modifying these versatile de¬ 
vices. Spectrum analyzers exist in the 
form of complete instruments and as 
attachments to be used with oscillo¬ 
scopes. In the latter case, the oscilloscope 
should have a direct-coupled (dc fre¬ 
quency response) horizontal channel to 
preclude distortion of a low-frequency 
sawtooth waveform before it reaches the 
horizontal deflection plates of the CRT. 

ham radio 
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When you live in an area where low-fre¬ 
quency private-line tone is the key to the 
local fm repeaters, a new transceiver is a 
challenge. It's not always easy to find the 
right place to insert the low-audio tone in 
the existing circuit without creating addi¬ 
tional problems. However, amateurs who 
live in "private-line" areas know that it 
must be done. And, as more and more 
repeaters go to private-line, as some have 
predicted, the challenge will become 
more widespread. 

Recently, Heath introduced its HW-202 
two-meter fm transceiver. It's an ex¬ 
cellent rig, but it presents some unusual 
problems to private-line installations. This 
article shows how to solve these prob¬ 
lems. 

the circuit 

In most fm rigs, the normal practice is 
to put the private-line circuit (usually a 
reed vibrator or twin-T circuit) in the 
modulation chain, after the clipping, 
limiting and deviation adjustment cir¬ 
cuits. This is often accomplished by 
running the output of the private-line 
board through an appropriate dropping 
resistor, to the output arm of the devia¬ 
tion control, which is usually only one or 
two components removed from the mod¬ 
ulation diode or transistor. This keeps 
private-line level independent of any 
other modulation. 

Unfortunately, the Heath HW-202 de¬ 
sign doesn't allow for installation of the 
private-line output at that point. Heath 
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follows up the output of their modulator 
(Q202-Q204) with an RC filter chain of 
high series resistance (R248, R252-R255, 
C253-C257) (see fig. 1). A 4700-ohm 
resistor (R256) connects this chain to the 
modulation diode, D207. Unhappily, any 
bypassing on the output side of the 
private-line board (mine is a Motorola 
CTS) represents a comparative short to 


installation 

Mechanical installation was rather 
simple. There are no holes to drill if the 
private-line board is installed in an en¬ 
closed space with foam surrounding it. 
Heath made it especially convenient by 
putting an extra hole in the transmitter 
circuit board printed-circuit foil at the 
junction of L201, R218, R219 and C236. 



ground for the modulator output. Devia¬ 
tion drops to zero. It's obvious that 
another installation point had to be loca¬ 
ted. 

The point finally chosen was more 
convenient than you might think. Heath 
inserts the audio to the cathode end of 
the modulation diode. However, since the 
diode is not directly grounded, it is 
possible to modulate either or both sides 
of the diode at once. Since it was 
impossible to modulate the cathode in 
this case, the private-line was inserted on 
the anode side. Fig. 1 shows the exact 
point of insertion (junction of L201, 
R219, R218, and C236). I used a Moto¬ 
rola CTS Board in my rig, which provides 
0.5-volt rms output and requires no series 
resistance of its own for approximately 
500-hertz deviation. 


Fig. 2 shows the position of the unused 
hole on the circuit board. 

The output of the private-line board is 
run through shielded wire to that hole. 
The shield is grounded to the underside 
of the board at the point marked X (fig. 
2). Voltage for the board can be taken 
from any 13.8-volt point in the unit. I 
personally chose taking the voltage off 
the hot side of the pilot lamp on the 
regulator/hash-filter circuit board. 

If hash filtering is needed for the 
private-line board, as it was in my case, a 
220-ohm series resistor, followed by a 
500-juF capacitor to ground, will do the 
job. It may also be advisable to install a 
switch for the B+ supply to disable the 
private-line circuit when you're traveling 
out of town. At least a few repeaters in 
the Midwest will reject signals containing 
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private-line tones. Instead of defacing 
your unit, it may be better to replace the 
present 2000-ohm squelch control with a 
push-pull switch type. I set mine to turn 
off the private-line in the "pulled" posi¬ 
tion. The squelch function is, of course, 
not affected. 

The private-line unit is wrapped in 
electrical tape and mounted in foam 
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transmitter printed circuit board. Center con* 

ductor of shielded cable from the private-line 

circuit is connected to a hole already in the 

circuit oad. The shield is connected to the 

grounded circuit trace. 
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rotate 

YOUR HOUSE 

with a . . . 

CUSH CRAFT 

MONOBEAM 


The caption may be slightly exaggerated, but we all 
know that the only way to get real performance is with 
a full sue single band beam. 

Cush Craft Monobeams combine superior electrical and 
mechanical features with the best quality materials and 
workmanship They g>vc reliable day to day amateur 
communications and that extra DX punch when needed 
for contest wo*k or emergency communications. 

A14-3 3 element 20 meters $119 00 

A14'2 2 element 20 meters 84 00 

A21-4 4 element 15 meters 90 00 

A21-3 3 element 15 meters 6500 

A28-4 4 element 10 meters 57 00 

A28-3 3 element 10 meters 46 00 

SEE YOUR LOCAL DEALER 
OR WRITE FOR FREE CATALOG 
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the dipole beam 

Dreaming about beams makes no con¬ 
tacts. Commercial beams can be both 
expensive and troublesome. Don't forget 
that the dipole is a beam antenna, albeit 
bi-directional. It is not unidirectional like 
a beam but, then again, side rejection 
might be considerably better than that 
obtainable from a poor three-band beam. 
Often QRM off to the side is more the 
culprit than signal pick-up from the rear. 
Furthermore, the dipole provides a direct 
match to 50- or 70-ohm coaxial cable so 
you don't have to fiddle with any sort of 
matching arrangement. Matching arrange¬ 
ments restrict bandwidth and introduce 
loss. 

A dipole for 10, 15 or 20 meters is a 
simple lightweight affair that can be 
rotated by arm-power or the smallest of 
TV antenna rotors. Your basic support 
can be a 10 x 6-inch (25.4 x 15.2-cm) 
piece of 5/8-inch (16-mm) plastic, fig. 1. 
Two pairs of U-bolts can be used to hold 
the two pieces of inexpensive aluminum 
tubing to the plastic. Another pair of 
heavier U-bolts holds the antenna to the 
mast. 


Do you need the gain of a large beam? 
It can be useful for chasing down rare 
ones. On 10 or 15 meters the band is well 
open in a given direction or it is closed to 
sensible communications. A 1 or even 2 
to 3 S-unit differential is unimportant in 
the majority of short DX contacts. The 
differential is even less important in 
stateside contacts. Things are tougher on 
20 meters but this band is tough for 
everyone, even those with beams bursting 
with watts. 

Then there is the matter of wind 
resistance and pocketbook load. The cost 
per foot of putting your dipole at a 
specified height is substantially less than 
that required to put a beam at the same 
altitude. The dipole is less likely to come 
down and, if it does, the financial loss or 
trouble are less than the catastrophe of a 
disjointed beam. 

A split dipole arrangement can be used 
on more than one band through the use 
of a line tuner. My preference is for the 
T-network type (refer to the January, 
1973, issue of ham radio, page 59). I have 
used one such 15-meter dipole for almost 
a year and have worked out pretty much 
where I wished to on 10 and 15 meters. 
The radiation pattern is still bidirectional, 
a standard figure-eight on 15 meters, 
extended and sharper figure-eight on 10 
and a broad figure-eight pattern on 20. If 
a 20-meter dipole is used, the standard 
figure-eight pattern is obtained on 20 
while a reasonable figure-eight pattern 
persists on 15. On 10 meters the pattern 
becomes a lobed affair. 
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hanging in there 

If your dipole is mounted in an acces¬ 
sible location, such as immediately over a 
chimney or roof top, short sections of 
insulated wire can be hung on the end of 
a 15-meter dipole whenever you wish to 



fig. 1. Basic construction of a rotatable dipole 
element showing the use of U-bolts and a scrap 
piece of plastic. 


operate on 20 meters, fig. 2. This simple 
trick permits 20-meter dipole operation 
in a tight location and where there is 
inadequate turning radius (attic mount) 
for a full-length 20-meter dipole. A better 
plan is to have a pair of extensions (about 
6-feet or 2-meters long) that can be 
telescoped into the dipole ends. 

15-meter two-element 

The same basic construction can be 
used for a two-element beam, fig. 3. If 
the reflector is spaced one-quarter wave¬ 
length in back of the dipole there is a 
minimal reduction in antenna impedance. 
Again, the T-network line tuner is a fine 
crutch if your transmitter is anemic and 
requires a perfect match (one of my 
transmitters is so inclined). 

A line tuner permits this same antenna 
to function very well on 10 meters. The 
15-meter reflector is not too long to 
provide some gain and directivity on 10. 
You can also load it on 20 meters with a 
tuner. If readily accessible, telescoping or 
hanging end pieces can be attached to the 
15 meter dipole to resonate it on 20 
meters, fig. 4. In this case the 15-meter 
reflector does some 20-meter directoring. 


Ingenuity is a fun substitute for high 
costs. 

matching emancipation 

The matching dispute has two avenues 
of thought. There is the complete-match 
phobia and the other. Personally I pursue 
the other. In most amateur practice 
antenna-to-line mismatches up to 3-to-1 
have little effect on antenna system per¬ 
formance. 

Where the mismatch hurts is at the 
transmitter. This is a matter of trans¬ 
mitter design and is a form of technical 
enslavement that hampers amateur 
antenna experimentation. Transmitter 
mismatches result in loss of output, rapid 
aging of the output stage, introduction of 
distortion components (sometimes) and 
other defects that could be avoided with 
the design of a wide-impedance output 
matching system. 

In summary, the major ill effects of 
mismatched loads are a transmitter limita¬ 
tion and not one of antenna performance. 
The average amateur can overcome this 
limitation with the use of a tuner. The 



fig. 2. To add 20-meter operation to your 
15-meter dipole simply clip an extension wire 
on each side. 


manufacturer can overcome the problem 
with more versatile design or by including 
a tuner as part of the transmitter. In 
modern operation a tuner is not a bad 
idea at all because of its ability to 
suppress harmonics and other spurious 
radiation. 
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This problem has become very appar¬ 
ent to me because of the inquiries I have 
received with regard to matching the 
triangle antenna which has become 
increasingly popular on 40 and 80 meters 



fig. 3. Simple arrangement for adding a reflec¬ 
tor to a 15-meter dipole. 


and is used on 20 to 160 meters as well. 
The question usually evolves around 
obtaining an exact match using a single 
triangle-driven element. The problem is 
more prevalent on 20 and 40 meters than 
on 80 and 160. On the latter two bands 
the average height of the configuration in 
terms of wavelength and feedpoint above 
ground is such that the impedance is 
inherently low once the antenna is reson¬ 
ated. 

In the usual forty-meter installation 
the swr usually falls somewhere between 
1.5:1 and 2.5:1. Such a mismatch has no 
significant effect on the performance of a 
triangle antenna but is a matter of con¬ 
cern to those worried about swr and 
possible influence on their transmitter. 
The swr at the transmitter can be reduced 
with the use of a 4-to-1 balun and 
experimentation with the overall length 
of the transmission line. The ultimate 
answer is the use of an antenna tuner. 

The mismatch problem is a general one 
with full-wavelength closed antennas such 
as quad, delta and triangle. Tri-band 
beams can be an agonizing experience for 
the amateur striving for that perfect 
match although antenna performance it¬ 
self is little affected by what is normally 
considered a serious mismatch. 


In most amateur high-frequency 
antenna installations the practical length 
of the transmission line is such that very 
little loss is generated by the mismatch. 
Using high-quality low-loss coaxial line or 
open-wire types it is an insignificant 
quality. 

The full-wave closed antenna performs 
well at low mounting heights, can be 
readily positioned and shaped to fit the 
mounting site and provides good perform¬ 
ance despite necessary physical distor¬ 
tions away from straight-line mounting 
(see the May, 1973, issue of ham radio, 
page 66). 

add 160 to your 80-meter 
inverted dipole 

Many backyards that can handle an 
80-meter inverted dipole are too confin¬ 
ing for the construction of a full-size 
160-meter antenna. However, by accept¬ 
ing some distortions away from the 
straight-on construction you can add 
160-meter performance to your 80-meter 
antenna. The ends of your inverted dipole 
are low and in most situations it is 
practical to clip add-on sections that will 
provide 160-meter resonance. These can 



fig. 4. Telescoping section converts a 15*meter 
dipole to 20 meters. On 20 meters the 1 5-meter 
reflector acts as a director. 


be clipped on whenever 160-meter opera¬ 
tion is desired, producing a very fine 
performing antenna. They can be run 
straight away, keeping them 7 feet (2 
meters) or more above ground to permit 
pedestrian traffic. However, resonance 
can also be obtained by running these 
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extensions at various angles to meet your 
property line, fig. 5. I have operated one 
successfully on 160 meters using the 
arrangement of fig. 5B. 

To calculate the length of the exten¬ 
sions use the quarter-wavelength 




fig. 5. How to add 160-meter extensions to 
your 80-meter inverted dipole (see text for 
calculating extension length). 


equation, substracting from it the leg 
length of your 80-meter inverted dipole. 


length of the 80-meter inverted antenna. 
This calculation may give you a longer 
overall length than required, but you can 
trim back both ends to establish reso¬ 
nance on the desired 160-meter fre¬ 
quency. Usually the extension needs to 
be cut back further as you fold the legs 
away from the straight-away plane of 
your 80-meter inverted dipole. 

Using a T-network tuner I was able to 
load this antenna on every band, 10 
through 160 meters. The performance of 
the configuration of fig. 5C was interest¬ 
ing in that it provided some additional 
directivity for operation on 10, 15 and 
20 . 

ham-metrics 

The English-speaking radio amateur 
has been talking metrics since the "below 
200-meters" days. However, in calculat¬ 
ing antenna length amateurs make the 
unnatural conversion to feet using the 
appropriate constants instead of going 
directly to antenna length in meters. The 
purchase of a meter stick or meter rule 
provides an easy introduction to the 
metric system when used in conjunction 
with antenna calculation. Typically, 
meter rules come in lengths of 10, 25 or 
50 meters. 

What is the wavelength of a 4-MHz 
wave? As you know, wavelength equals 
the quotient of propagation velocity 
(300,000,000 meters/second) over the 
frequency in hertz. Therefore: 


L 


meters 


300 x 1Q6 
4 x 106 


= 75 meters 


What is a half-wavelength at this fre¬ 
quency? A quarter wavelength? 

X/2 = y = 37.5 meters 
X/4 = = 18.75 meters 


L =-234_- , 

L ext p *-80 

r 160 

where L ext is the length of the extension 
in feet, F 160 is the desired operating 
frequency on 160 meters and L 80 is the 


What is the length of each quarter- 
wave segment of a half-wavelength dipole 
cut for 4 MHz considering an "end 
effect" of 4%? 

X/4 = 18.75 x 0.96 = 18 meters 
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/newnew new new\ 

Factory New Semtech Bridge 
Rectifiers 

| ALL 10 AMPS 

50 Volt PIV $1.75 ea. 

100 Volt PIV $2.00 ea. 

200 Volt PIV $2.25 ea. 

400 Volt PIV $2.50 ea. 

All Postpaid USA 


NEW NEW NEW NEW 

Factory New Semtech Bridge 
Rectifiers. 

ALL 5 AMPS 

50 Volt PIV $1.25 ea. 

100 Volt PIV $1.50 ea. 

200 Volt PIV $1.75 ea. 

400 Volt PIV $2.00 ea. 

ALL POSTPAID 





Use Standard 7447 Decoder- 
driver. Seven Segment Read¬ 
outs. All tested and guaran¬ 
teed. Specs included. Fit stan¬ 
dard 14 pin DIP socket. Full 
.335 inch high. Color, RED 
Less Decimal $2.00 ppd. 

With Decimal $2.25 ppd. 

With Colon $2.50 ppd. 

Same unit only contains nu¬ 

meral 1 and plus and minus 
sign. $2.25 ppd. 


JUST ARRIVED — Transformer, 115 VAC pri¬ 
mary, 18 volt, 5 amp ccs or 7 amp inter¬ 
mittent duty secondary $6.00 ea. ppd. 


General Purpose Germanium Diodes 
Similar to lN34a etc. 16 for $1.00 ppd. 

All Cathode banded. 100 for $5.00 ppd. 

Full leads. 1000 for $40.00 ppd. 


Transformer — American Made — Fully shield¬ 
ed. 115 V Primary. Sec. — 24-0-24 @ 1 amp 
with tap at 6.3 volt for pilot light. 

Price — A low $2.90 each ppd. 


400 Volt PIV at 25 Amp. Bridge 
Rectifier. 

$4.00 ea. or 3 for $10.00 ppd. 


Gl Printed Circuit type 
bridge rectifiers. 

200 v PIV @ 1.5 A 
50$ ea or 3 for $1.25 
400 v PIV @ 1.5 A 
60 (t ea or 3 for $1.75 



NEW NEW NEW 

Guardian Relay 12 Volt DC Coil 
4PDT 5 Amp Contacts 
Guardian Type 1315P-4C-12D 
Removed From New Equipment 
$2.00 ea. ppd. 



NEW NEW NEW 

3/16 inch Dia. LED Litas 
Red $.25 ea. ppd. 

Green $.40 ea. ppd. 

Yellow $.40 ea. ppd. 

Super BI-LED — Lites red 
with polarity one way and 
green when you reverse the 
polarity. Neat for many 
things. 

Price is a Low $.75 ea. ppd. 



SEND STAMP FOR BARGAIN LIST 
Pa. residents add 6% State sales tax 
^ ALL ITEMS PPD. USA 

m. uiein/chenkei 

K 3DPJ BOX 353 • IRWIN, PA. 15642 


basic equations 

Three useful equations for making 
free-space wavelength calculations and 
one for calculating the length of one 
segment of a half-wave dipole are as 
follows: 

Length (free-spacefullwave)=y^^- meters 

t mhz 

150 

Half wavelength = 7 -meters 

t mhz 

75 

Quarter wavelength = meters 

72 

A/4 dipole element = ;-meters 

t MHz 

For example, to find the length of a 
quarter-wave segment of a half¬ 
wavelength, 80-meter dipole for use on 
3.6 MHz, the calculation is as simple as 
this: 

A/4 = = 20 meters 

3.6 

Get out your meter rule and cut your 
dipole. If, out of curiosity, you may want 
to know how long your antenna is in feet, 
you can use a conversion factor to deter¬ 
mine this length. Why bother? You have 
already cut your antenna to resonate at 
3.6 MHz. Using the metric system is not 
so much accepting the new as it is throw¬ 
ing away the old. 

Recall the conversion you must make 
to inches when your answer is in decimal 
parts of a foot? No such foolishness is 
required with the metric system. Just 
remember that there are 10 decimeters in 
one meter and 10 centimeters in a deci¬ 
meter (100 centimeters in one meter). All 
of which can be read directly from meter 
rules of various types. For example, 
calculate the length of each segment of a 
half-wave dipole for operation on 14060 
kHz. 

A/4 = y^Qjg =5.12 meters 

Measure off two lengths of 5 meters, 12 
centimeters and you have your 20-meter 
dipole. 

ham radio 
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OUR DIGIPET 60 IS A 
GENERAL-PURPOSE FREQUENCY 
COUNTER WITH A RATING OF 
1 kHz TO 60 MHz. 



(PLUS 130 MHz T0160 MHz) 



Perfectly designed for the radio amateur who wants quality, 
accuracy and economy. 

If you operate around the 50 MHz band, we can offer you the 
Digipet 60—it measures a range of 1 kHz to 60 MHz—and it costs 

less than $300. 

However, if you operate up around 140 MHz, you'll want the 
Digipet 160 converter. It costs an additional $50 and, mated-up with 
the Digipet 60. measures the critical range from 130 MHz to 160 MHz. 

Its AC or DC operable with complete overload protection, plus being 
stable (aging rate: 1 part in 10 6 /week), small (7" deep x 2’/ 2 " high), 
sensitive (50 mVm's), flexible (five numerical-tube digits) and 
accurate (resolves to 1 kHz or 1 Hz, depending on gate time selected). 

Write immediately for more information 



T.R.I. CORPORATION 

505 West Olive Avenue • Sunnyvale, CA. 94086 • (408) 733-9080 


More Details? CHECK-OFF Page 94 
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comments 


solid-state 
tube replacements 

Dear HR: 

I was highly interested to see the letter 
from Mr. Walter Loomis printed in the 
October, 1973, issue of ham radio. The 
company that I am employed with is in 
the business of manufacturing semicon¬ 
ductors, and one of our products is very 
similar to the Fetron that Teledyne pro¬ 
duces. 

Being active in vhf myself, and having 
numbers of tube-type communications 
receivers that use 6AK5 tubes, I gave our 
devices a try. The following observations 
may be useful to some of your readers. 

1. Our first tube substitute was made 
in an epoxy block. The performance of 
this unit was slightly less than could be 
obtained by going to a ceramic substrate, 
as Teledyne had done. The main problem 
with the epoxy package was feedback 
capacitance, measured at about 0.05 pF. 

2. The input to the device is the gate 
of a jfet. Gate currents of good jfets are 
in the picoamp range, while grid currents 
in vacuum tubes are in the hundreds of 
nanoamps, even when operated at several 
volts of negative bias. This may cause 
problems with biasing, since the vacuum- 
tube oriented engineer may have been 
counting on this electron interception 
current to provide some operating bias 
for the tube. The Fetron will not show 
this bias. 

3. Input capacitance of the Teledyne 


device is specified at 8 pF maximum, 
which is twice what the tube will have. 
This will lead to all sorts of impedance¬ 
matching troubles, even if the tuned 
circuit can be resonated, at operating 
frequencies above approximately 50-MHz. 

4. The gate of the input jfet looks like 
a diode connected from grid to cathode. 
This diode cannot be forward biased to 
much more than 0.8 volts. Consequently, 
applications depending on short pulses of 
high current (class-C frequency multi¬ 
pliers) cannot be expected to work well, 
as the tube replacement cannot be en¬ 
hanced as the original vacuum tube could. 

5. Many communications receivers use 
a small positive bias voltage applied to the 
bypassed end of the grid bias resistor for 
the rf amplifier. This voltage becomes a 
few volts negative on strong signals from 
age circuitry in the i-f of the receiver. 
However, when the receiver is idling with 
no signal input, the positive bias voltage 
will flow through the resistor and forward 
bias the gate diode in the input jfet. This 
bias causes the jfet to show a marked 
decrease in g m , usually to about 1/10 of 
the original value. Thus, a sort of "inverse 
age" action results. Additionally, the in¬ 
put impedance decreases markedly under 
these conditions, further aggravating the 
low gain problem. The fix here is to short 
out the age line. 

I have tried these solid-state tube 
replacements in every receiver that I have 
using a 6AK5. The results were most 
encouraging. Our epoxy model tube re¬ 
placement worked well at 6 meters, show¬ 
ing a 2-dB noise figure improvement over 
the tube. Gain was slightly higher (about 
1 dB) than the tube. Equally good results 
were obtained in 70-MHz i-f amplifier 
service. At 147 MHz, results were not 
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encouraging. The input circuit could not 
be made to tune to the operating frequen¬ 
cy, and overall sensitivity was extremely 
poor. Switching to our ceramic substrate 
type of tube replacement did not provide 
too much improvement at first. However, 
an investigation of the problem revealed 
that good results could be obtained. 

The noise figure of these devices is 
quite good, as the input transistor is a 
somewhat improved 2N4416. The feed¬ 
back capacitance is extremely low when 
the metal can is grounded. Measurements 
show it to be approximately 0.01 pF 
under operating bias. The Y os at the plate 
terminal is extremely low, about 0.05 
micromho. This is much better than the 
tube. In short, this device can run circles 
around the tube it replaces, provided the 
circuit is adjusted to optimize the design 
of the stage for the replacement device. 

After changing around the input and 
output matching networks of one receiver 
on 147 MHz, I obtained a sensitivity of 
0.2 microvolts for 20-dB quieting (with a 
20-kHz i-f bandwidth). Now I will never 
have to replace my rf stage again and I 
can expect long and trouble free main¬ 
tenance of the sensitivity. But I had to 
work on the receiver to take advantage of 
the performance of the device. 

I have also used the device in low- 
frequency applications such as limiters at 
455 kHz. The tubes replaced here were 
6BH6s and 6CB6s. In most of the places I 
tried them, the solid-state replacements 
worked as well as the original tubes. In 
some sockets, instability and oscillation 
was the result. The short between pins 2 
and 7 is probably responsible for this. 

An important point about fets that 
will probably limit the usefulness of 
solid-state tube replacements in a-m 
equipment (including ssb) is that the fet 
is a square law device, while the vacuum 
tube is only a poor approximation to 
square law, at best. Why is this? Because 
an a-m system almost always requires age, 
and the age action of a remote-cutoff 
pentode is very slow. Useful amplification 
can be obtained at -10 volts of grid bias 
with the remote-cutoff pentode, while 
the square-law jfet will long since have 


pinched off and become merely a low 
value capacitor connecting the input and 
output. On the other hand, since the jfet 
is such a good square-law device, it will 
provide excellent intermodulation distor¬ 
tion performance, which is a key require¬ 
ment in today's equipment. 

To summarize, I found the solid-state 
tube replacement to be a great device, but 
it is also one whose requirements must be 
understood to make it useful. 

Bob Hale, WB6APU 
Solitron Devices 
San Diego, California 

phasing receiver 

Dear HR: 

The Phase II communications receiver 
described by WA0JYK in the August, 
1973, issue is a good example of the 
practical realization of well-known con¬ 
cepts that can only be achieved after a 
certain level of technical refinement is 
reached in the state of the art. Simple 
concepts often seem the most difficult to 
implement. I would like to add a few 
comments that I hope will lead to a 
better understanding of the digital phase- 
shifting technique. 
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The broad-band digital phase shifter 
used by WA0JYK, while only requiring a 
two-times frequency division instead of 
the more common four-times division,, 
depends heavily on symmetry of clock 
transition timing to maintain phase 
quadrature. That is, for proper operation, 
the clock transitions must be periodic at 
4-times F s j gna | since the basic two-stage 
shift or switch tail counter must have a 
clock component at four-times F sjgna | to 
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deliver quadrature phase output at 
^signal' P ara Phase clock driver 

described in the article is a form of 
frequency doubling and causes one flip- 
flop to change state every clock transi¬ 
tion. The timing diagram above is offered 
to demonstrate this point. Clock asymetry 
is exaggerated for illustration. 

Asymetry of the clock transisions at 
twice the clock frequency may have 
several causes. Among them are junction 
saturation effects (minimal in ECL), non¬ 
linear junction capacitance, gain drifts, 
unequal path propagation delays and, in 
the circuit used in the article, comparator 
threshold and hysteresis. All of these 
effects are proportional to frequency. 
Differences in the Q1, Q2 flip-flop clock 
to output propagation times also add to 
departures from orthogonality but for the 
10131 ECL dual D-type flip-flop used, 
these effects should be smaller than the 
clock asymetry problems described above. 
Phase shifts due to differential flip-flop 
output loading and mixer differences 
should also be considered. 

In summary, if best use is to be made 
of the broad-band digital quadrature 
phase generator technique and optimum 
performance obtained from the high 
speed devices available, both flip-flops in 
the chain must see identical clock tran¬ 
sitions. This requires, of course, a funda¬ 
mental clock frequency of four times the 
desired signal frequency. 

Julius M. J. Madey, W6FAW 
Fairfax, California 


Mr. Madey has pretty well assessed the 
problems involved. / think in a word the 
present design might be summed up as 
economical. The frequency coverage was 
already limited by the immediate de¬ 
mands of Air Force Mars and no big 
effort was made to extend the range 
above 10 MHz. ECL logic is non¬ 
saturating and therefore does not radiate 
as much noise and doesn't cause as much 
noise in the power supply as does satur¬ 
ating-type logic. The MC1035P is very 
economical and has proven to be a real 
workhorse. The comparator threshold 
and hysteresis that Mr. Madey mentioned 
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no doubt exist in the MC1035 and enter 
into the poor performance obtained 
above 10 MHz. Clock symmetry of the 
MC1035P at 7 MHz looks very good on a 
Tektronix 545 but even that scope is not 
sufficient for a fair evaluation. 

The MC1035P presents no particular 
problem in waveform symmetry below 10 
MHz providing that either good crystals 
are used or a vfo is transformer coupled 
into the crystal socket with at least 1-volt 
p-p. With transformer coupling the vfo 
seems to preserve the symmetry of the 
vfo signal. 

The big problem arises when the 
10-MHz frequency limit is exceeded or 
the dock source is a synthesizer with a 
dissymmetrical output. Unfortunately, 
most inexpensive synthesizers and, most 
of all, those with TTL ICs have dissym¬ 
metrical outputs. One local amateur, well 
versed in digital logic, presented a con¬ 
vincing argument for including the digital 
phase shifter right in the synthesizer. 

Perhaps someone will develop this 
synthesizer with the quadrature output 
and the Phase II receiver can be pushed to 
20, 15 and even, possibly, 10 meters. It 
seems the digital phase shifter is sort of 
the thorn on the road to success. There is 
no way around it but perhaps we can help 
each other over it. 

G. KentShubert, WA0JYK 

motorola test set 

Dear HR: 

I want to congratulate you on Dave 
Maxwell's fine article, "Test Set for Mo¬ 
torola Radios." I have built it and we are 
now using it to align USAF MARS 
Motorola units on a MARS repeater 
frequency in the Las Vegas area. 

Two items of interest. The Amphenol 
microphone jack may be converted to a 
Motorola microphone jack by sawing a 
wider guide slot in the Amphenol unit. 
The Simpson 1212 50-pA meter has an 
internal resistance of 5300 ohms. Any 
meter in the 5000-ohm range may be 
used. 

Oscar Heinlein, W7BIF 
Boulder City, Nevada 



all-channel 

frequency synthesizer 

Dear HR: 

The article, "Inexpensive All-Channel 
Frequency Synthesizer for Two-Meter 
FM," by Jim Fahnestock, W0OA, which 
appears in the August, 1973, issue of ham 
radio could cause people some serious 
problems. 

Several years ago I wrote a technical 
report* on spurious outputs from mixers, 
and I wondered about such outputs when 
I read WflOA's article. I used the pro¬ 
grams described in that report to analyze 
the frequency sets he used, and then 
wrote a rather simple program in BASIC 
to do a somewhat more thorough analy¬ 
sis. The results of the latter calculation 
are enclosed for your information (see 
table 1 below). 

table 1. Possibly troublesome spurious mixer 
products of WPOA’S frequency synthesizer 
using the 4x4 matrix. These products are 
based on an output at 146.28 MHz, using a 
fundamental frequency of 6095 kHz and 24- 
times multiplication (FI =* 8125 kHz, F2 = 2030 
kHz). 


M 

N 

Frequency 

M+N 

l 

1 

6095 kHz 

2 

l 

7 

6085 kHz 

8 

2 

5 

6100 kHZ 

7 

2 

11 

6080 kHz 

13 

3 

9 

6105 kHz 

12 

3 

15 

6075 kHz 

18 

4 

13 

6110 kHz 

17 


I used an output frequency of 146.28 
MHz as a basis since that is our local 
repeater input frequency. The funda¬ 
mental frequency for a multiplication of 
24 is 6095 kHz. Note that for M + N = 7 
there is a spurious output only 5 kHz 
away. There is another spurious output 
10 kHz away from the desired signal for 
M + N = 8. These are both apt to result in 
strong spurious outputs from the fm 

‘William E. Wageman, "Analysis of the Spuri¬ 
ous Frequency Response of Mixers," Los 
Alamos Scientific Laboratory document 
LA-4296-MS, December, 1969. 


transmitter since there is no way of 
removing them by filtering. 

In the article Mr. Fahnestock sug¬ 
gested that “mixing problems arise" when 
using a5x5ora6x6 matrix of 
frequencies. I did all the necessary cal¬ 
culations for a 6 x 6 matrix and analyzed 
it with the BASIC program. Interestingly 
enough, the mixing problems are down 
by two orders of M + N, and the closest 
spurious frequency goes out to 7.5 kHz 
away. This is an extremely doubtful 
practical solution, but it would be many 
dB better than the 4x4 matrix. 

It is possible that these schemes would 
work if digital mixers were used, but I am 
by no means certain since I have no 
experience with them. It seems unlikely 
that the author considered them with his 
emphasis on various filters. 

Bill Wageman, K5MAT 
Los Alamos, New Mexico 

vhf fm in england 

Dear HR: 

Here in England vhf fm has really 
gotten going. We have several fm groups 
similar to the local one (Southern FM 
Group). One fm repeater is in operation, 
licensed as GB3PI, and several more are 
under construction and waiting license 
approval. 

The Southern Group two-meter re¬ 
peater with which I am involved will use a 
modified Storno 613 solid-state base 
station. The control and ID equipment 
will be built by club members. Output 
power will be 25 watts, fed into an Antec 
antenna (7-dB gain). Input frequency will 
be 145.125 MHz; output will be at 
145.725 MHz. Callsign will be GB3SN. 

I have found the repeater articles in 
ham radio to be very useful in designing 
the control equipment for GB3SN and I 
would like to thank the American 
authors. I would be interested to hear 
from Stateside repeater groups with a 
view to discussing mutual problems. 

Rodney V. Smallwood, G8DGR 
11 Wilmot Walk, Wash Common 
Newbury, Berks, England 
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npn transistor 
switching for 
electronic keyers 

Many amateurs own solid-state keyers 
which use a pnp transistor switch to key a 
transmitter's grid-block keying circuit. 
Such keyers can easily be adapted for use 
with solid-state transmitters which re¬ 
quire a switching positive voltage above 
ground to negative ground. There are 
several ways to do this. First, a relay can 
be inserted between the keyer and the 
transmitter. Although this method is gen¬ 
erally used, the noise of the relay is often 
found objectionable. Then, too, a relay 
takes quite a bit of power; this is an 
important consideration when a keyer is 
battery-operated. 

Second, the pnp transistor in the keyer 
can be used to do the switching by 
reversing the leads to the transmitter key 
jack, but this necessitates separation of 


TO TRANSMITTER 
KEY JACK 



fig. 1. Circuit for keying low positive voltages 
to negative ground using keyer with pnp switch¬ 
ing transistor. Battery is a single penlight call; 
capacitors are disc ceramics; resistors are Vs 
watt; Q1 is a Motorola 2N3904 or similar npn 
transistor. 


keyer chassis ground from transmitter 
chassis ground, a practice not to be 
recommended. Third, an npn transistor 
switch can be inserted between the keyer 
and the transmitter. The keyer would be 
plugged into the npn switch built into a 
small Minibox and the latter plugged into 
the key jack of the transmitter. The 
keyer, the npn switch and the transmitter 
would all have a common chassis ground 
but different electrical grounds. This 
method is highly recommended. The little 
device is inexpensive to construct and can 
be put together in very little time. The 
schematic and parts list are given in fig. 1. 

Those amateurs who have keyers with 
npn switches but would like to use 
solid-state switching instead of a relay to 
control grid-block keying circuits in their 
transmitters can also use this conversion 
method. Only two changes in the device 
described here are necessary to adapt it 
for that purpose. The polarity of the 
battery must be reversed and the npn 
switching transistor in the adaptor must 
be replaced by a Fairchild 2IM4888 or 
similar pnp transistor. 

C. Edward Galbreath, W3QBO 

cleaning files 

If you do much work with aluminum 
you will find that your files and cutting 
tools rapidly plug up with aluminum 
filings. These filings are usually quite 
difficult to remove, especially from the 
finer toothed files. Don't throw these 
plugged files out, you can make them 
look like new again with this simple 
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method. Just soak the files in a solution 
of warm water and common household 
lye. The lye will dissolve the aluminum 
particles and the hydrogen bubbles re¬ 
leased by this reaction will help to dis¬ 
lodge any metal particles that may also be 
plugging the file. When, working with lye 
it is wise to wear rubber gloves and avoid 
spilling or dripping the solution on any 
surface that you don't want harmed. 

Pete Walton 


build 5/8-wavelength 
144-MHz antennas 
from CB mobile whips 

The popularity of 3-dB gain mobile 
antennas for two-meter fm communica¬ 
tions has very little to do with their steep 
cost. The following is an easy method for 
converting inexpensive CB whips to 
5/8-wave antennas that are identical to 
commercial gain antennas. In many cases 
27-MHz CB whips may be obtained at 
half the cost or free, depending on your 
sources of supply. 

Before you run over to your local CB 
supplier, or patronize the want ads, be 
sure that you can identify the proper 
type of whip for this conversion. These 
whips appear to be identical to commer¬ 
cial vhf whips (148-158 MHz), the dif¬ 
ference being in the hidden resonator 
within the epoxy sleeve antenna base. CB 
whips should dip to around 27 MHz on a 
grid-dip meter. 


fig. 2. Modifying a 
CB mobile whip to 
5/8-wavelength 
whip for two-meter 
fm. No. 12 wire is 
used for the wind¬ 
ing. Connection at 
top of winding is on 
other side (point 
marked with 
asterisk). 



Some epoxy sleeves may be pried 
loose from the antenna with the aid of a 
sharp screwdriver. Others may have to be 
unscrewed by gripping the chrome fit¬ 
tings at both ends with two pairs of 
pliers. Removing the core should be easily 
accomplished by friendly persuasion from 
a hammer and soft wood rod. Getting 
past the ring of sealer may require some 
additional effort and patience (five min¬ 
utes). 

Winding the new coil may require five 
minutes or so of your time. The diameter 
of the coil forms may vary slightly among 
manufacturers, but present no problem. 
Just make sure that your tap remains at 
three turns above the ground end. The 
only compensation which may be neces¬ 
sary is extending or shortening the radi¬ 
ating element by a few inches. Two 

table 1. Typical dimensions of CB mobile whips 
(see fig. 2). 



A 

B 

c 

D 

whip 1 

2 " 

61/2 turns 

( 11 / 2 ”) 

3 turns 

O/ 2 ”) 

44 1 

whip 2 

lVa" 

71/2 turns 

(1”) 

3 turns 

<V2”) 

44' 


specific examples of typical whips are 
shown in table 1 to eliminate any guess¬ 
work. 

Most commercial whips are universal 
as far as roof mounts, hardware and 
threading are concerned. Manufacturers 
make available individual components 
which are contained within the antennas. 
By simply screwing together some of this 
hardware, your modified equipment can 
be made to accommodate your existing 
equipment. 

Also, you don't have to limit yourself 
to available commercial whips. The coil 
winding data is applicable to plexiglass 
rods, and readily available coaxial con¬ 
nectors for the homebrewer. You'll find, 
as I did, that none of the specifications 
are critical. 

There is no noticeable difference be¬ 
tween my commercial whip and the 
modified antenna. Both exhibit signifi¬ 
cant advantage over quarter wave whips. 
The swr is 1.05:1. 

Robert Harris, WB4WSU 
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digital in-line 
rf wattmeter 



The new Bird 4371 Thruline® Direc¬ 
tional High-Power Wattmeter is the first 
digital insertion instrument for measuring 
forward or reflected CW power in coaxial 
transmission lines. It accurately measures 
power flow under any load condition 
from 25 to 520 MHz and from 1 — 1000 
watts in six ranges. Insertion vswr in 
50-ohm systems is a low 1.1 and accuracy 
is ±5% of full scale. Model 4371 is also 
the first high-power directional wattmeter 
which the user can calibrate in the field 
to known rf power standards, eliminating 
weeks of transit for periodic certifica¬ 
tions. 

The new multi-range digital Thruline® 
Wattmeter measures CW, a-m, fm and ssb 
signals. No plug-in elements are needed 
since all variable measurement 
parameters—frequency range, forward/ 


reflected power and full scale values—are 
push-button selectable on the front panel. 
The readout unit and the line-section may 
be separated by as much as 5 feet for 
operational convenience. The six power 
ranges feature 25% over-ranging and high 
directivity. Bird Quick-Change QC Con¬ 
nectors, which mate with male or female 
N, BNC, UHF, and others add to the 
unequalled flexibility of the new RF 
Wattmeter. 

Available from Bird Electronic 
Corporation, 30303 Aurora Road, Cleve¬ 
land (Solon), Ohio 44139. For more 
information, use check off on page 94. 

RTTY handbook 

The new Teleprinter Handbook pub¬ 
lished by the RSGB and available from 
HR Books is one of the most complete 
books ever published on the subject. 
Under preparation by G3LLZ and 
G3NTT for more than three years, this 
welcome handbook fills a long-standing 
need of RTTY operators. The Teleprinter 
Handbook covers all aspects of RTTY 
communications, including complete 
mechanical, operating and lubrication 
data on machines made by Teletype 
Corporation, Creed and Siemens as well 
as the surplus TT4 and TG7-A. Informa¬ 
tion is also included on teleprinters, 
perforators, reperforators, signal gener¬ 
ators and distortion measuring sets. 

The chapter on terminal units includes 
complete construction information for 
several popular RTTY demodulators in¬ 
cluding the W6FFC's Mainline ST-5 and 
ST-6 and TT/L-2. Several commercial 
units are also described including the 
popular AN/UR A-8B. This chapter also 
has some good practical information on 
diversity reception, regenerative re¬ 
peaters, phase-locked loops and frequen¬ 
cy-shift keying. The auxiliary equipment 
chapter covers such diverse subjects as 
polar relays, mercury-wetted relays, and 
electronic and mechanical speed controls. 
The section on polar relays provides 
complete operation, maintenance and ap¬ 
plications information for a large variety 
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NEW AND DIFFERENT!! 

Uiiiiiiiiiii 



r£N 


The all new ^doc manual for electronics 
experimenters and hobbyists- 

Moro than two years in the makinq, T doc has 
gathered the most practical and usable data 
from industry, the U. S. Patent Office, DOD, 
NASA, WTIS (National Technical Information 
Service) and others. Jam-packed with all the 
data needed by the hobby exper imentor at the 
bench. From theory refresher to applications 
diagrams, device characteristics, tables and 
formulas, charts and graphs — hundreds upon 
hundreds of illustrations. 

A High - Density Modular Document 

No wasted space or words. Separate sections 
are removable in loose-leaf fashion — books 
within a book -- mounted in a ruqcjod binder, 
biq enough to hold other T doc publications 
-- or your own notes. 

Just by way of example, the section on hand 
soldering was boiled-down from the practices 
of the American Weldinq Society -- Committee 
on Soldering and Brazinqi NASA, USN, solder 
manufacturers, the Bell Telephone System and 
others. The section contains everything you 
need to know about solder, fluxes, soldering 
tools and techniques. 

There are over 100,000 words covering theory 
and application of semiconductor devices 
diodes, transistors, the SCR/TRXAC, diqital 
and linear integrated circuits, operational 
amplifiers, voltage regulators, counters and 
decoders, and much, much more. 

Sections also treat the vacuum tube and CRT, 
capacitors and electrostatic devices, relays 
and switches, electromechanical devices and 
mechanical movements, enerqy sources, cable 
and wire, ♦♦♦♦-»♦ 


of currently-available polar relays in¬ 
cluding the Western Electric 215A and 
255A. 

The chapter on keying discusses FSK 
and AFSK techniques and includes cir¬ 
cuits for several keying units, both com¬ 
mercial and amateur built. Various filter 
circuits are discussed in detail, with de¬ 
sign and construciton information for 
both passive and active types. The test 
equipment section provides information 
on various RTTY measurements, and the 
control systems chapter tells you how to 
set up your own RTTY station. The 
Teleprinter Handbook also covers RTTY 
operating procedures and contests. 

One of the most useful sections in the 
Teleprinter Handbook is the glossary of 
commercial equipment, which provides a 
short rundown on practically every unit 
of available RTTY equipment. The ap¬ 
pendix provides much practical data in¬ 
cluding complete design information for 
simple LC filters based on 88-mH toroids, 
gear speed identification and teleprinter 
compatibility. 

This book is probably the best tele¬ 
printer handbook ever published, and 
combines a lot of hard-to-find RTTY 
information all in one place. Highly 
recommended for RTTY enthusiasts. 
Hard cover, 13 chapters plus appendix 
and index, 324 pages, $14.95 from HR 
Books, Greenville, New Hampshire 
03048. 

432-MHz hybrid 
rf amplifiers 



Designed for complete rf amplifier or 
driver applications in uhf land mobile 
communications systems, two new rf 


Update Without Annual Replacement 

No need to buy a whole new book every year 
to keep abreast of inform.»t ion in the field; 
the "book within a book" style permits you 
to update only as needed. 

There has never been another manual like it. 
That’s why we undertook to put it toqetherlI 
Once you have had a chance to put the manual 
to use, you'll start enjoyinq electronics as 
a hobby, with fewer unfinished projects that 
could have been completed had there not been 
an information qapi 

Electronics Bench Manual 

Introductory Price: $17?5{*® s ^ p ® l ]| 

Send check or money order marked 
“EBM” with your name and address 

to: 

TECHNICAL DOCUMENTATION 
BOX 340 

CENTREVILLE, VA 22020 

703 - 830 - 2535 

W Virginia residents please add *1 sales tax.^ 


More Details? CHECK-OFF Page 94 
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CALL 

BOOK 


When you want 
an authoritative, 
up to date directory 
of iicensed radio 
amateurs 
It's the 
CALLBOOK 

Over 210,000 QTH’s 
in the DX edition 
DX CALLBOOK for 1974 

$ 8.95 


Over 285,000 QTH's 
in the U.S. edition 
U.S. CALLBOOK for 1974 


$ 9.95 


See your favorite dealer or Send today to 

(Mail orders add 50<* per CALLBOOK 
for postage and handling) 


RADIO AMATEURI 




Dept e 925 Sherwood Drive 
Lake Bluff. III. 60044 


amplifier modules introduced by Moto¬ 
rola offer more than 18 dB power gain at 
432 MHz. Designated the MHW709, 
(7.5-watt) and the MHW710 (13.0-watt) 
uhf power modules, these are complete 
amplifier units capable of covering the 
400 to 470 MHz frequency range. 

Both units operate from a 12.5-volt dc 
supply which is common in most mobile 
applications. The MHW 709 delivers 7.5- 
watts output with a driving power of 
approximately 100-mW for a power gain 
of 18.8 dB. A full 13.0-watts can be 
produced by the MHW710 with only 
150-mW of driving power; this represents 
a 19.4-dB power gain. The frequency 
range is covered in two bands with the 
units designated MHW709-1 and 
MHW710-1 for 400 to 440 MHz, and 
MHW709-2 and MHW710-2 to cover the 
440 to 470 MHz range. 

Harmonic suppression is at least -40 
dB down across the frequency range with 
all spurious outputs more than 70-dB 
below the desired signal. Input impedance 
is 50 ohms for both modules, and opera¬ 
tion with a 20:1 load mismatch produces 
no damage to the unit. 

For more information contact the 
Technical Information Center, Motorola 
Inc., Semiconductor Products Division, 
P.O. Box 20924, Phoenix, Arizona 85036, 
or use check-off on page 94. 


450-MHz preamp 



Topeka FM Engineering has intro¬ 
duced a new 450-MHz preamp that 
features a dual-gate mosfet in the front 
end. The mosfet provides superior cross¬ 
modulation performance and reduced 
spurious responses. The new preamp, the 
model 450M, is built on low-loss epoxy 
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circuit board, and has a voltage gain of 
approximately 15 dB with a typical noise 
figure of 4.5 dB. The circuit board is 
silver plated for maximum efficiency, and 
is shielded on both sides for maximum 
isolation of the input and output circuits. 

The 450M preamplifier is designed to 
operate from 10 to 15 volts dc, but may 
be used with higher supply voltages when 
the accessory HF450PK adapter is used. 
Similar preamplifiers are available for 406 
to 470 MHz. The preamplifier is priced at 
$29.95, complete with instructions and 
mounting hardware. The HF450PK 
power supply adapter is $1.25. For more 
information, write to Topeka FM Engi¬ 
neering, 1313 East 18th Terrace, Topeka, 
Kansas 66607, or use check off on page 
94. 

hard-to-find electronic 
components 

Radio Shack has added more than 
2,000 hard-to-find electronics items to its 
parts and test equipment line with a 
special "Qwick-Fill" electronic parts cata¬ 
log. The 52-page Radio Shack Electronic 
Parts Catalog is available on request from 
any Radio Shack store. It includes a 
variety of special-purpose tubes, transis¬ 
tors, readouts, PC and 1C equipment, 
relays, resistors, capacitors, potentio¬ 
meters, transformers, sophisticated test 
instruments, connectors, power supplies 
and other items previously unavailable 
from Radio Shack or other electronics 
stores in most localities. 

Through a special arrangement with 
Allied Electronics, Radio Shack's sister 
company, orders may be placed at any of 
more than 1800 participating Radio 
Shack stores. Allied Electronics is known 
as one of the nation's leading electronic 
parts suppliers for business, industry and 
scientific users. There is no minimum 
order requirement and only a $1.00 
shipping and handling charge. Orders are 
delivered to the Radio Shack store for 
pickup by the customer. For more in¬ 
formation use check-off on page 94. 

More Details? CHECK-OFF Page 94 





Start your own 2-Meter 
Repeater Club. 

Half Down 

Balance in 6 Months 

No Interest ($850.00 total) 

Write for Details 



Both Kits Still 
A vaitable 

Super D — $59.95 

(20 in ■ 70 out) 

Super E — $49.95 

(2 in - 40 out) 

For Technical Details 
See Ad in March Mam Radio for Super E. 
See Ad in December Ham Radio for Super D. 


DYCOMM 

948 Ave. E., P. 0. Box 10116 
Riviera Beach, Florida 33404 
(305-844-1323) 
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MODEL "A Frequency Counter Price $299.00 

10Hz to 80 MHz ( * 1 Hz) Direct Count guar 

anteed (1Hz to over 100MHz) typical) 

Read Out: 5 LED digits • LED Over Range 
Sensitivity: Less than 100 millivolts over en¬ 
tire range. 

Power Req : Either 120 VAC or 12 VDC 15 
watts approx. 

Small Size: 2.34" x 5.68" x 8.18" 

Overload protected input and DC power input. 
MODEL '‘AS'' Frequency Counter Price $375.00 
Exactly as above plus an internal 250MHz 
Scaler ( • 10Hz to well over the guaranteed 
frequency of 250 MHz.) No external power is 
required. 

Shifting DECIMAL POINT gives a DIRECT 
READOUT of VHF Frequencies. 

One BNC INPUT for both ranges. No cable 
changing from HF to VHF. 

(CA residents add State Sales Tax) 

Dealer inquiries invited 




ELECTRONICS 

P.O. BOX 1672 
VISTA. CA. 92083 
714.726*1313 


@ ® * > FREQ. 

STABILITY 

Depend on JAN Crystals. 
Our large stock of quartz 
crystal materials and components assures Fast 
Delivery from us 

CRYSTAL SPECIALS 

2-METER FM lor moil Transceiver* ea $3.75 
144-148 MHz — .0025 Tol 
Frequency Standards 

100 KHz (HC 13/U) 4.50 

1000 KHz (HC 6/U) 4.50 

Almosl all CB Sets. Tr. or Rec 2 50 

(CB Synthesizer Crystal on request) 

Any Amateur Band in FT-243 1.50 

(80-meter, S3 00 - 160-meter not avail) 4 lor 5.00 
For 1st class mail, add 20e per crystal. For 
Airmail, add 25c. Send check or money order 
No dealers, please 


JAN 


Division ol Bob Whan 
& Son Electronics. Inc 
2400 Crystal Drive 
Ft Myers. Florida 
33901 
All Phones 
(813) 936-2397 


The 

TWO MOST VITAL 
PUBLICATIONS in 
amateur radio today 

HR REPORT 

is the new twice monthly newsletter 
that brings you all the important news 
of amateur radio as it happens, not 
weeks or months later as do the fa¬ 
miliar monthly magazines. 

A completely different concept, this 
exciting new publication covers the 
FCC, ARRL, DX, Contests. Hamfests, 
Industry News and much much more. 

We cover it fast and deliver it by 
airmail. Often you'll have stories within 
72 hours after they have broken. 
Be among the best informed people in 
amateur radio today with HR REPORT. 

HAM RADIO, 

the world's most popular independent 
amateur magazine, is amateur radio's 
undisputed leader in technical and con¬ 
struction information. 

Here is a no-nonsense, practical 
journal that will keep you up-to-date 
on the technical side of our hobby. 
Many dozens of interesting projects 
each year will introduce you to the 
latest in our fast moving world of mod¬ 
ern electronics and will give your sta¬ 
tion more capability than ever before. 

Don't let another month go by with¬ 
out a copy of the magazine that sets 
the pace for all the others. 

Here are the two publications every mod¬ 
ern amateur needs, HAM RADIO MAGA¬ 
ZINE for the fascinating world of solid- 
state electronics and HR REPORT for all 
the news of our hobby and in just a 
fraction of the time it ever took before. 

To: HAM RADIO. Greenville. NH 03048 
Please sign me up for 

HR REPORT 

□ 1 year (24 airmail issues) $12.00 
HAM RADIO MAGAZINE 

□ 1 year $7.00 

□ 3 years $14.00 


$7.00 

$14.00 


Send 10c lor new catalog wilh 12 oscillator 
circuits and lists ol frequencies in stock 
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FM YOUR GONSET 

(or your Cli*gq 22 **r. Poly Comm 2. PC 62. Johnson 
6N2. Aeiulruo 600 HA 460. T X G2 or VHF 1) 


New 1 Plugin modulator 
putt the 
Commumcat o ^ 
transmitter on FM 
No modification or 
rewiring on your 
Communicator. Just 
plug into mike jack 
and crystal socket. 
Compact self-contained 
modulator measures 
4" x 3" X1K N . 


• Works with Communicator I, II, III, IV 

and GC-105. and other rigs listed. 

• FM at a tenth the cost of a new ng. 

• Frequency adjust for netting built in. 

• $34.50 postpaid U S A $36.50 for PC 2. 

PC-62, HA-460. Specify transmitter 
model. California residents add 5% 
sales tax. (HC 6/U crystal and 9 volt 
transistor battery not supplied.) 

• Send for free descriptive brochure. 


ENGINEERS 

BOX 455, ESCONDIDO, CA 92025 


SUPER CRYSTAL 

THE NEW DELUXE DIGITAL 

SYNTHESIZER!!™. 



MFA-22 DUAL VERSION 
Also Available MFA-2 SINGLE VERSION 

• Transmit and Receive Operation: All units 
have both Simplex and Repeater Modes 

• Accurate Frequency Control: .0005% ac¬ 
curacy 

• Stable Low Drift Outputs: 20 Hz per degree 
C typical 

• Full 2 Meter Band Coverage: 144.00 to 147.99 
MHz. in 10KC steps 

• Fast Acting Circuit: 0.15 second typical set¬ 
tling time 

• Low Impedance (50 ohm) Outputs: Allow long 
cable runs for mobiles 

• Low Spurious Output Level: similar to crystal 
output 

Irk derails 'V Electronic* 

Prices MFA-2 $210.00 BOX 1201H 

MFA-22 $275.00 CHAMPAIGN, ILL. 

Shipping $3.00 extra 61820 



HERE 1 -- 1 

IS BRITAIN’S FAVORITE 
AMATEUR MAGAZINE 

This is the oldest and most widely 
read British amateur radio maga¬ 
zine. Published monthly it pro¬ 
vides complete coverage including 
such popular features as: Techni¬ 
cal Topics, a monthly survey of 
the latest ideas and circuits, Four 
Meters and Down, a rundown of 
the latest in VHF and UHF and 
much more. 

It includes numerous technical 
and construction articles in addi¬ 
tion to a complete rundown on 
the month's events in amateur 
radio. Surely a most interesting 
addition to your amateur radio 
activities. 

We can now offer this fine maga¬ 
zine to you along with the other 
advantages of membership in the 
RSGB (such as use of their out¬ 
going QSL Bureau) for $12.50 a 
year. 

ham 

radio magazine 

GREENVILLE. NH 03048 
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Complete less batteries and crystals 

HT-144 RECEIVER SPECIFICATIONS: SENSITIVITY better than 5uV for 20dB 
quieting. SQUELCH THRESHOLD better than 3uV STABILITY 002 typical (de 
pends on crystal) ADJACENT CHANNEL REJECTION GOdB SPURIOUS RE¬ 
SPONSES down 70dB FIRST IF 10.7 MHz SECOND IF 455 kHz. FILTER 4 pole 
monolithic 10.7 MHz crystal. DISCRIMINATOR pretuned ceramic 455 kHz. 
BANDWIDTH 15 kHz at 3 dB points. CRYSTAL 45 MHz parallel at 20pf 
CRYSTAL FORMULA receive frequency minus 10.7 divided by 3. / 

AUDIO OUTPUT 5w typical CURRENT DRAIN 15 ma squelched. / 

100 ma on voice peaks. / 

• Weight less batteries — approximately 15 oz. fswt 

• Can be tuned to any 2 MHz segment between 140 and 170 MHz 

• Parts layout silk-screened on boards for easy construction [ 

• Battery case is AA size — accepts alkaline or nicad 

• External battery charging/power supply jack furnished Y/ W 

• 1 dual gate mosfet 1 I. C. 18 transistors 7 diodes 

• Antenna — collapsible 17" whip 

• Plenty of room in case for add ons (PL and tone) / 

• Anodized aluminum case 1 Vi x 2'^ x 9Vi 

• All tunable coils are prewound / 

• Transceiver is on one G-10 predrilled board / . 

• Crystals HC254 • wire leads / A 

• Crystals HC25/U holders • wire leads / JjL 


AVAILABLE NOW!! 

HT-144 KIT ONLY $99.95 


HT-144 TRANSMITTER SPECIFICATIONS: OUTPUT 2 watts minimum 3 DB BANDWIDTH 2 MHz 
typical. STABILITY .002 typical (depends on crystal) SPURIOUS outputs down 30dB or better. 
MODULATION true FM with varactor In crystal circuit. NETTING separate trimmers for each 
channel. DEVIATION adjustable to 10 kHz. AUDIO limiter and active low pass filter. MICRO 
PHONE speaker type CRYSTAL 18 MHz parallel at 20pf. MULTIPLICATION FACTOR frequency 
times 8 CURRENT DRAIN 500 ma typical. 


2 WATTS 
4 CHANNELS 


PS-12 

12 Amp regulated 2% 

50 MV Ripple Max. 
Adjustable 11-15 VDC 
WIRED $79.95 KIT $59.95 

SHIPPING WEIGHT 12 lb. 


PS-24 

24 Amp regulated 2% 

50 MV Ripple Max. 
Adjustable 11-15 VDC 
WIRED $89.95* KIT $69.95 

SHIPPING WEIGHT 21 lb. 


•PS-24 SHIPPED WITH BASE PLATE — LESS CASE. AS SHOWN 


HF ENGINEERING 

— DIV. OF BROWNIAN ELECT. CORP. — 

320 WATER ST. POB 1921 BINGHAMTON. N.Y. 13902 607-723-9574 
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CRYSTAL FILTERS - FILTER CRYSTALS - OSCILLATOR CRYSTALS 

SYNONYMOUS f or QUALITY and ADVAN CED TECHNOLOGY 

I Matching 


Listed is our well-known series of 

9 MHz crystal filters 
for SSB, AM, FM 
and CW applications. 

By KVG 

I Filtof Type 





Matching 


Oscillator Crystals 

XF900 

Carrier 

9000.0 

kHz 

XF901 

USB 

8998 5 

kHz 

XF902 

LSB 

9001.5 

kHz 

XF903 

BFO 

8999.0 

kHz 

All crystals 

$3.80 

ea 

| Sockets 

(F05) 


50< 




Export Inquiries Welcome 


SPECTRUM 
INTERNATIONAL 
BOX 1084 CONCORD 
MASSACHUSETTS 01742 
U.S.A. 



Inert ion Loss 


Input Output 
Termination 


z, 500 n 


C, 30 pF 


2 4 kHz 


<2dB 


< 3.5 dB 


500 W 


30 pF 



Ultimate Attenuation 


Price 


> 100 dB 


$4545 


3 75 kHz 

5 0 kHz 

12 0 kHz 

0 5 kHz 

<2dB 

<2dB 

< 2 dB 

< 1 dB 

< 3.5 dB 

< 3 5 dB 

< 3 5 dB 

<5dB 

500 n 

500ft 

1200 n 

500 SI 

30 pF 

30 pF 

30 pF 

30 pF 

(6 60 dB) 18 

(6.60 dB) 18 

(6:60 dB! 18 

(6:40 dB) 2 5 

(6 80 dB) 2.2 

(6 80 dB) 2.2 

(6:80 dB) 2.2 

(6:60 dB) 4 4 

> 100 dB 

> 100 dB 

> 90 dB 

> 90 dB 

$48 95 

$4895 

$4895 

$34 25 


In order to simplify matching, the input and output of the filters comprise tuned differential trans¬ 
formers with the "common” connections internally connected to the metal case 


C F P ENTERPRISES 

866 RIDGE ROAD, LANSING, N. V. 1488Z 
Central Upstate New York’s 
Mail-Order Headquarters 

Jim Beckett, WA2KTJ has joined us as a 
sales and service representative. 

Wo can now offer limited service on equipment 
that we sell. 

Office & Salesroom Hours by Appointment Only 

24-Hour Phone: 607-533-4297 

Send SASE for Monthly Listing of 
Used Equipment and Bargain Goodies 

Trade-ins accepted on both new and used 
equipment. Cash deals get prepaid shipping in 
the Continental U.S.A plus a 15% discount on 
used items on our regular listing!!!!! 


VHF 

DXOPS 



NEW 

MX1A 

$ 47.50 


NEW 

MINI-MIXER 


NEW 

MX1A 

$ 47.50 


THIS IS A PLUG IN UNIT TO REPLACE THE 
FIRST MIXER IN COLLINS 75S1-2-3. DESIGNED 
TO ELIMINATE ALL BUT THE STRONGEST, 
(NEXT DOOR) CROSS MODULATION IN THE 
S LINE. IT USES THE LATEST IN FET DESIGN 
IF NOT SATISFIED MONEY REFUNDED 

Designed Built Backed 

ANTENNA MART 

Box 7, Rippey. Iowa 50235 


MOOEL 60 SPEECH PROCESSOR ORO MOOEL 20 DIGITAL DIAL Available lor 

Ihe average-to peak ralto ol the speech wave- Collins and Drake gear Optional four dtgil 

form as much as 8 db using a logarithmic readout and cr stal time base QSY your 

principle Operates with FM SSB and AM fixed or mobile transmitter receiver or trans¬ 
transmitters and transceivers Low High ceiver with tOO Hz accuracy and no last digit 

impedance Mic input Two 9Vdc batteries litter Simple one wire connects dial to rig 

provide a self-contained unit and you re ready to go Specify your type of 

Model 60W Processor Assembled $26 50 rig 

Modol 60K Processor Kit $2190 Model 20 ‘>-5 5 Mhz VFO range I. $169 95 

20O-1S FVocessor Board Kit $12 95 Model 20C { Collins . $169 95 

1 Model 200 i Drake i $169 95 

Options 4 Digit Readout). $ 29 95 

DEALERS: {C ^'“ ‘ *> 95 

rn rw M mm W VE AMATEUR RADIO SALES Downrv>M. Onlmo Ciiwd* • 

___A SST ELECTRONICS L»wnd«l«. CA 90260 e CARY RAOIO. INC.. 

ROX tasA • cDAhlKIlNl PA San D**o.CA 92111 eKASS ELECTRONICS DISTRIBUTORS 

BOX I85A FRANKLIN PA 16323 D , # ,„ Mill. PA 19026PM WEtNSCHENKER K3DPJ 
PHONE 814 432*3647 lnxnn. PA 15642 e HAMTRONICS Travow PA 19047 


DEALERS 



MODEL 11A PADDLE Designed w>th re 
liability in mind Nu mechanical switches or 
bearings to tail Paddle contact spacing ad- 
lusts easily 

Model! 1A . Assembled i $9 95 

MODEL 10A ELECTRONIC KEYER Has 

NEW features ai no extra cost Linear Speed 
Control and Operato/Tune Swilch Plus in¬ 
ternal penhght cells and reed relay output 
provide a compact portable versatile unit 

Model 10AWA 

Keyer & Sidetone Assembled $33 95 

Model I0AW Ki $26 50 

Model 10AK Keyer K.l $21 95 

200-2K Keyer Board Kit $12 95 

200-3K Sidetone Board Kill.. $ 4 95 
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3 REASONS WHY YOU SHOULD 

BOY YOUR CALCULATOR FROM THE BIG T’ 


1 • YOU GET THE BEST PRICE .... but what happens later 
when you want an improved model? At Tucker you can trade- 
up - just like a used car. 


CORVUS310HANO-HELD PORTABLE 6 function (+, -, x, -h, 

%, square root) with automatic constant, 8 digit readout, float¬ 
ing decimal and negative sign and many features. 

\ With disposable batteries ... $59.95 

'Disposable batteries & AC_64.95 

Rechargeable batteries & 


2. Guarantees .... 30 day mo¬ 
ney-back guarantee.. One year / 
repair or replace guarantee / 
and THEN TUCKER will re- / 
pair any unit after the war¬ 
ranty expires for only 
$9.95 (excluding any ship¬ 
ping and excessive 
damage) 

CORVUS 305 DESK TOP \ 
CALCULATOR WITH \ 

CLOCK & CALENDAR 




jf CORVUS 
7322 HAND-HELD 
PORTABLE WITH MEMORY 

• 5 function ( + , -, x, -f, %) with 
memory 

.• Floating decimal, floating nega- 
‘ tive sign, 8 digit display 

• Automatic constant of all func¬ 
tions 

• Rechargeable battery pack in- 

\ eluding recharger 

$79.95 


3. Convenience 

You can order by mail 
and use your Bank 
cards or American Ex¬ 
press with up to 12 
months to pay. You can 
talk to a salesman toll 
free anytime - just call 
800-527-4642. 


full 7 function (+, -, x, %, square root and reciprocal) 
with 10 digit readout, selectable 2-4 or floating decimal, 
automatic, constant and many features. But when the 305 
isn’t being used as a calculator it’s a digital clock and 
calendar that keeps perfect time as long as it’s plugged in. 

Model 305 .$99.95 

Model 300 w/o clock.84.95 


ADD $2.75 TO EACH ORDER FOR SHIPPING. 


Send cneck, money order, Bank Americard No.. Mastercharge No, or American Express No. to: (Residents ot 
Texas, Illinois, New Jersey & California include 5% sales tax) 


F3 TUCKER 

ELECTRONICS • COMPANY 


P.O. Box No. 1050C 
Garland, Texas 75040 


FOR RUSH ORDERS CALL TOLL-FREE 800-527-4642 (In Texas call 214-348-8800) 


More Details? CHECK-OFF Page 94 


June 1974 


77 








mo\ 
POWIIEIK 
K.F. 

TOROID 

FORKS 


CORE 

SIZE 

41 Mi. 

Grwri MR 1 
20 lie 100 kc 

*•75 

3M.. 

Gr»v 'HP 

50 kt - 1 me 
#•30 

2 Mi. 

R»d E' 

500 kt 30 mt 
*•10 

€ Mu 

V.liow SP 
10 me 90 me 
*•« 

10 Mu 
Black W 

30 me 150 me 
*•7 

12 Mu 

GrnWh IRN 8 

60 me - 200 me 
m-5 

Outw 

Oimxiif 

ImcMi) 

T ZOO 

SZ 50 

$2 75 

S3 00 

S3 50 



2 000 

T 130 

1 50 

1 75 

200 

250 



1 300 

T 106 

95 

too 

1 00 

1 50 



1060 

T 94 

70 

75 

75 

95 



942 

T 80 

55 

60 

60 

80 

90 


795 

T 68 

45 

50 

50 

65 

75 


690 

T 50 

40 

45 

45 

50 

60 

65 

500 

T 37 

30 

40 

40 

45 

45 

55 

370 

T Zb 

25 

30 

30 

35 

40 

45 

255 

T 12 

25 

25 

25 

25 

25 

35 

125 


Postage: USA, Canada and Mexico — only 50 Cents 


AMID0N. . 

12033 OTSEGO STREET 

NORTH HOLLYWOOO CALIF 91607 


Our FREE FLYER it still FREE. Writ* Today. 


FKIKIKITE FORKS 


We supply AMID ON equivalents to the popular 
sizes and mixes of Ferrite Toroid Cores. Please in¬ 
clude all information in your inquiry. Same famous 
fast service that we have featured since 1963. 


IIFARS 


Us*- Amifion Ferrile Be.ids lor Parasitic Suppression 
Shielding Noise Supp*ession Spike and Transient 
Clipping RFi Suppression Antenna Loading and for 
Special Inductors The Regular 3 mm bead accepts 
up to r ifl wire The Husky 7 5 mm bead accepts 
e i? AWG Each Husky bead exhibits an inductance 
ot i ?5 Microhenry Permeability Factor 900 


Regular Beads 
Husky Beads 


Package of 12 $200 
Package ol 12 $3.00 


- PCB KITS - 

RTTY SPEED CONVERTER/Drilltd PCB 5 & 11 VDC $42 00 
DRILLED PCB ONLY $ 6 50 

RTTY AFSK Gen. All Shifts & CW I.C. 9 VDC @ 2m« $7.25 
100 kHz XTAL CALIBRATOR Less Xul 9 VDC <» 2m» $5 25 
POWER SUPPLY — 28 VDC <® 650 ma output $9.85 

PREAMP MICROPHONE 26 dB Gain 9 VDC @> lma $3.85 

LIMITER PREAMP For High Z Mike 9 VDC df lma $5 30 
PRODUCT DETECTOR For Your Receiver 9 V0C lma $3.95 
"S" METER KIT Less lma Meter 6.3VAC $5.25 

SWR METER. Stripline, Less 200ua Meter $3 25 

WWV CONVERTER 3 5-4.0 MHz Output 9 VDC @ 5ma $575 
Requires 6-6.5MHz Crystal 

6 MEIER CONVERTER FET Front End 9 VDC 5nu 56.50 
7-11 MHr Output, Less 43 MHz Xtal 
CW KEYING MONITOR, RF Keyed. Less Spkr. 9 VDC (S' 9ma 

$5 20 

POWER SUPPLY . 9 VDC <® 50ma Output 115VAC $5.35 
6 METER CASC0DE PREAMP 80 VDC @> 4 5ma $5.45 
Wired & Tested Less 2 ea 6CW4 Nuvistors 
DRILLS, #54, 56, 58 or 60 (each) $.50 

Finest Quality for PCB's, Made in USA Three For $1.25 

EXCEPT AS NOTED ABOVE, ALL KITS ARE NEW. 
100% SOLID STATE AND COME COMPLETE WITH AN 
UNDRILLEO G-10 PCB (PRINTED CIRCUIT BOARD) AND 
ALL PCB MOUNTED COMPONENTS KITS ARE LESS 
POWER SUPPLIES, CHASSIS. AND ENCLOSURE HARD¬ 
WARE. SEND SELF-ADDRESSED, STAMPED ENVELOPE 
FOR COMPLETE DATA SHEET AND SCHEMATIC. 


SATISFACTION GUARANTEED RETURN IN 30 DAYS 
FOR REFUND ALL KITS POSTPAID INCLUDE 50o 
HANDLING CHARGE. WASHINGTON RESIDENTS ADO 
5.3% SALES TAX 


Mart ex Corporation 

519 S. AUSTIN. SEATTLE, WASH. 98108 



SKY-SLOT* 

ANTENNA (TV-FM) 


TV-FM-220 MHz FM ANTENNA new 

ROLLABLE (with perfect color band-width). Just 
unroll and stick on wall. Uses no masts, no 
rabbit ears, no dangerous plugging to AC lines, 
and NO SIGNAL SPLITTERS since the VHF-UHF 
FM terminals (VHF usable for 220 MHz FM) 
available at the same time. (New 1971 slotted 
design with U.S. Patent S/N 3577196). Made of 
decorative foil/plastic yet rugged for use in 
yacht or RV. Optional: Plain burlap or printed 
etching on burlap of either desert, galaxy or 
leaved branch. Antenna size: 18" x 48" unrolled, 
works behind picture, against metal! Price is 
only $15 for model with following gain: (VHF • 
9 dB). (UHF 12 dB). (FM ■ 6 dB); gains above 
dipole. 

Order postpaid AIRMAIL, insured, from 

ANTENNA DESIGN CO. 

11621 HUGHES AVE., N.E. 

ALBUQUERQUE, N. M. 87112 
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SB3S 


TRANS 

CGIfIX 


an experience in relaxed operating enjoyment 


• Full coverage. SSB/CW. 

80-40-20 15-10 meter bands 

• 5C0W p o p power input. 

• 6-digtt frequency counter 
reads to 100 Hertz 

• Selectable USB/LSB/CW 

• Recolver Incremental Tuning. 

• Double conversion receiver 
with fractional uV sensitivity 

• Panel multi meter: '*$" units, 
plate MA. RF out. ALC. 

• 51 transistors (6-MOSFETS), 

32 diodes. 6 vacuum tubes. 

• 115/230VAC supply, speaker, 
in matching assembly cabinet. 

WRITE FOR COMPLETE BROCHURE. 



SB-36—personalized station and—with halt-a-thousand watts 
p.e.p. input, a table-top powerhouse. But much more! Picture the 
precision, 6-digit counter that reads out your frequency as 
fast as you can spin the free-turning, counter-weighted tuning 
knob. And see how RIT (Receiver Incremental Tuning) obsoletes 
older, zero-beat-only transceiver operation — prevents leap¬ 
frogging. Push the RIT button—zero-in received sigs ±7kHz— 
without effecting transmit frequency! Also, change sidebands 
without beat note shift or retuning. It takes two 9MHz crystal 
lattice filters to do this job. SB-36 has 'em. 


U i F-TT7«TiTi 1 -1FZ* i 


CW FILTER 


Nw Modal CWI ttl-IIIH 

Ready to rU P o«te I'K'lrtt* 
It 00 poktaga 


Modal Iwr J-I'f 94 *11 

»14 96 Wired tested, guaranteed 
Preeke •nciude 6V pottage 


• 0*1 Rater Sharp talactivity trow any i»c«irtr or IranacaNe* 

• I • 1 romol j high »»>rt refaction 

• Ofektically teducak alt background nolta 

• No audible ringing 

o No tmpedanca manning 

• Ultra modern active Illtar datign uoeo 1C • lor lupat high performance 

Me hart a ha I aa ih.na ,t the fmekl CW •■•■or a.enable anyone'# The 90 Hz Mioctin 
I, • tin .it kieep i M Hum * " alio* ><>u in pick out one kign«r and eliminate an 
omer OHM and ONN S-mpiy plug it .nlo lhe phone iat» o' connect it to lh# kreaker 
ierm.nei» oi an» lecairtr o* ira-»ce<rt' and u*e headphonek »man kpaaov or 
ipeaoe- ampr.trt' Batter i#t connect it betaeen any awd-o tiagee to taka advantage 
at the built in receiver audio ampl.la» 

Build the J a] CW* 3 PC card into you* rece-rt* o« get the Mil contained and ready 
to u*e CW4 JB« and plug m' 


BANDWIDTH 90 HZ no tty '90 Hz iSaitch aeieciabioi 

SHIRT Rf JECTION At >aatt 90 db down t octave Horn tenter trequency 'or 
90 Hz bendedm 

center rntoulNCv r\o *u 

INSERTION LOSS None Typ^ai gam t ] alftO Hz BA t 6 at HO Hz BW 3 4 
a' 90 hz Bft 

INDIVIDUAL STAGE O 4 im.mttii/n nng.ngi 

IMPI DANCE itvEtS Nn impedance malrh.ng requ->ed 

POWER RtOuiHED CWE J * v> K i? me ■ to 10 von» i« me i CWE JH* 
t • and aid 9 *ot1 ttanyittor ’adio batia't 

DIMENSIONS CW» 3 3 rj PC board CWE ?B* 4 .1 1 « r? ) H 

tb'ack a*na ie yteei top white aluminum bottom rubber laetl 


TRy in>« tantaitic CW t.it 
a»k tor you* money back 
one yea* aa/ranty 


mi W rt 

" *— — — ’' ““ “ l 


MFJ 

P O Boo 494 

ENTERPRISES 

A, Mtuiiuppi Stoty MS 3976? 


WANTS TO BUY 

All types of military electronics equipment and 
parts. Call collect for cash offer. 

SPACE ELECTRONICS division of 
MILITARY ELECTRONICS CORP. 

76 Brookside Drive, Upper Saddle River 
New Jersey 07458 • 1201) 327-7640 


THE ULTRA-BAL 2000 

NOW.An eatcemely rugged, weather proof BALUN! 

• full JKW. 3 30 MHZ . 1>1 or 1>4 ratio*, 
a Special Teflon insulation, May be used 
with tuned linoe and lunert. 
a With dipole insulator and hang up hook 


ONLY $ 9.95ppd. (elate ratio) 

At your dealer or order direct 

K.E. Electronics Bom 1279. Tustin Calif 92680 



pricis ss 

TC 2 - 1700 
TC 3 - 17 50 
Spurn* I S) - 11X0 

Addtt /S let Ait or UPS 


GRO TH-Type 


' COUNTS & DISPLAYS, 
YOUR TURNS 


• 99.99 Turns 

e One Hole Panel Mount _ 
e Handy Logging Area 
e Spinner Handle Available 

Cat*: 2x4"; shaft V."x3" 

To Mod.I TC2: Skirt 2Vi"; Knob 1H" 

00 Model TCI: Skirt 3"; Knob 2W" 


R. H. BAUMAN SALES 

P.O. Box 122, Itasca, III. 60143 
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CALCULATOR KIT 

Kit contains NORTEC calculator chip 4024,21 
driver transistors, 8 LED’s, 7 segment readout 
by EXITON, 3 LED for overflow, low btry, over¬ 
range, a keyboard by FLEX KEY. All this $45 
value for only $16.50 2 for $27 


BASIC CLOCK KIT 

We furnish clock chip CT7001 and 4 first line 
LED readouts .3 inch hgt. You furnish the misc. 
minor parts. A $35 value for . $19.95 

LIQUID CRYSTAL WATCH 

Build a wrist watch or desk clock with this liquid 
crystal display. Recently written up in several 
magazines. Display with special socket reads 
hours and minutes $15 2 for $25 


UNDERWATER LISTENING 

Brand new by OLIN. Use it for a swim pool mon¬ 
itor-alarm, use it on lake or ocean listening to 
underwater noises, fish, etc. Complete with hy¬ 
drophone, 50 ft. mike cable, speaker-amplifier 
console. Operates from 115 volts AC or 15 volt 
dry cells. 12 lbs. $25 
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0 o CALCULATOR % 
KEYBOARD * 

Brand new key boards for 
hand held calculators. Two 
styles available. 

One for use with calculator 
chip CAL TEX 5001-5002- 
5012 or MOSTEK 5010-5012. 
Another for use with Gen. 
Inst, chip C500. 

PricedLaUS&titf each or two 
for $l>Q0r ~ 


m CT 5005 
L_EEJ CALCULATOR CHIP 

Single MOS chip with all logic required for 12 
digit 4 function desk top calculator with extra 
storage register for memory or constant. Mul¬ 
tiplexed 7 segment outputs for LED, Incan¬ 
descent, Fluorescent, or Gas Discharge displays. 
Brand new, bargain priced, with specs. 

$8.00 each, 2 for $15.00 


AM-FM RADIO $5.50 

Due to the West Coast ship strike they came in 
too late for the customer. Now it's your 
bargain. Use it as is or build it into your own 
cabinet, desk, wall, etc. All built, ready to use, 
with AC supply. To make it portable all you do 
is power it with a couple of "D” cells. Fully 
assembled solid state chassis with AC power 
supply, less speakers. Covers full AM as well as 
FM broadcast. The price ... an astounding 
meager $5.50 


313,344 CORE MEMORY $125.00 

From SPECTRA computer, visually OK. 64 x 
68 x 4 x 18 core stack. Figures out to 35K Byte. 


CLOCK/CALENDAR ALARM CHIP 

These large scale integrated (LSI) 
chips eliminate literally thousands 
of components or hundreds of chips 
in the construction of a dock. For 
most applications only a single 
supply and a minimum of com- 
portents are required. 

V □ 7001 Chip - Features 28/30/31 

day calendar, 12/24 hour clock, 
24 hour clock, 24 hour alarm, snooze alarm, 6 digit dis¬ 
play, direct drive to luminescent anode tubes or LED seg¬ 
ments, single transistor interface with Sperry displays. Seg¬ 
ment and digital outputs can be "wire" or "D" to share 
calculator displays .$9.95 each, 2/$18.00 

1C SALE YOUR CHOICE 3 for $1.00 

„l 900 BUFFER TO-5 1 

n\ 914 DUAL 2 INPUT GATE TO-5 111 |L 

ti\ 923 JK FLIP FLOP TO-5 
„l 926 Hi speed JK FLIP FLOP TO-5 BUI IF 
til 931 JK/RS FLIP FLOP (DIP) In i 

10 pin socket for TO-5 1C * 1 - 

GIANT NIXIE B7971 

Used $1.00 Brand New $2.00 

With schematic for GIANT clock. 

COMPUTER TAPE DECK $75.00 

Takes V 2 inch tape, made by Computer Entry 
Systems. Visually ok, with electronics, no data 
available. 

CALCULATOR CHIPS 

5001 LSI (40 pin) Add, subtract, multiply 
divide 12 digit. With data $6.95 

Data alone 50 cents 

CMOS 4814 HEX INVERTER 

CMOS HEX INVERTER, dual inline package. 3-18 
volt range, dual diode protection against static 
charge. Dielectrically isolated complimentary 
MOS. $1.00 each 12 for $10.00 

DUAL 16 BIT MEMORY 

Dual 16 bit memory, serial MOS by Philco TO-5 
case, brand new with 2 page specs. 

#PLR 532 $1.00 each $10/12 

2048 BIT MOS MEMORY 

2048 bit MOS LSI random access memory NEC 
6003. All inputs except clock are TTL com¬ 
patible, 2048 word by 1 bit. 22 pin ceramic 
dual-in-line. With specs. 

$5.00 EACH $9 J j*S*ach 2 tor $9.00 

RCA INJECTION LASER DIODES 

Another SUPER SCOOP by Meshna. Brand new 
RCA packaged, considered obsolete by RCA but 
what an exotic opto-electronic device for the 
sophisticated experimenter. Only several hundred 
on hand. Values shown are approx, as each 
diode characteristic varies. Each is marked 
with correct value. 

6 WATT ..... $10.00 

10 WATT .„. A . $15.00 


Postage Extra on all Items 


JOHN MESHNA JR. ELECTRONICS P. 0. Box 62 E. Lynn, Mass. 01904 
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■ RATES Commercial Ads 350 per 
word; non commercial ads 100 per word 
payable in advance. No cash discounts 
or agency commissions allowed. 

■ COPY No special layout or arrange¬ 
ments available. Material should be type¬ 
written or clearly printed and must in¬ 
clude full name and address. We reserve 
the right to reject unsuitable copy. Ham 
Radio can not check out each advertiser 
and thus cannot be held responsible for 
claims made. Liability for correctness of 
material limited to corrected ad in next 
available issue. Deadline is 15th of 
second preceding month. 

■ SEND MATERIAL TO; Flea Market, 
Ham Radio, Greenville, N. H. 03048. 


FLEA MARKET/AUCTION/PICNIC! Hall of Science 
Radio Club annual event Saturday June 8, 10 A.M.- 
4 P.M., Flushing Meadow Park Queens, 111th St., 
48th Avenue. Rain date June 15. Admission $1.00, 
sellers $2.00, no commissions. Auction services at 
10% fee. Free parking. Zoo, Children’s Farm, Golf, 
Boating, Museums adjacent. Info: 212-699-9400 or 
write Box 1032, Flushing. N. Y. 11352. 


SOLARWIND . . . The New Sun Power — Wind 
Power Newsletter . . . News. Theory, Experiments, 
Projects, Plans . . . Sample Copy $1.00. Mallmann 
Optics and Electronics, Dept.-S-2, 836 South 113, 
West Allis, Wisconsin 53214. 


LEARN DESIGN TECHNIQUES. Electronics Monthly 
Newsletter. Digital, linear construction projects, de¬ 
sign theory and procedures. Sample copy $1.00. 
Valley West, Box 2119-C, Sunnyvale, California 94087. 


EMBROIDERED EMBLEMS AND PATCHES. Custom 
made from your design. 10 to 1000's. Write Rus¬ 
sell, 1109 Turner St., Auburn, Maine 04210. 


MONTREAL HAMFEST 74, August 4. MacDonald 
College Farm, Ste. Anne de Bellevue. Prizes, giant 
fleamarket, technical sessions, family fun, $2.50/ 
adult. Info contact: VE2RM, Box 201, Pointe 
Claire-Dorval, Quebec, H9R 4N9. 


TRAVEL-PAK QSL KIT Converts photos, post cards 
to QSLs! Send call and 25tf for personal sample. 
Samco. Box 203H, Wynantskill, N. Y. 12198. 


ENJOY YOURSELF at ARRL National Convention 
July 19, 20, 21 in the Waldorf-Astoria Hotel, New 
York City. Exhibits. Banquet. Prizes. Sessions on 
FM, DX, SSTV, RTTY and more! Registration tickets 
$3.50. Banquet $17.50. Combination $20.00. Write: 
303 Tenafly Road, Englewood, New Jersey 07631. 


GREATER INDIANAPOLIS HAMFEST. Sunday, July 
14, 1974, rain or shine. Marion County Fair Grounds. 
All activities under roof. $2.00 covers gate fee and 
prize drawing. For information, write: Wm. J. Evans, 
8104 Crest Hill Dr., Indianapolis, Indiana 46256. 


USED MYLAR TAPES — 1800 foot. Ten for $8.50 
postpaid. Fremerman, 4041 Central, Kansas City, 
Mo. 64111. - 

RESISTORS: Carbon composition brand new. All 
standard values stocked. %W 10% 40/$ 1.00; %W 
10% 30/$1.00 — 10 resistors per value, please. 
Minimum order $5.00. 15W RMS 1C Audio Ampli¬ 
fier — Panasonic. Frequency response 20Hz-100 
kHz. V 2 % distortion. Price $6.95 Postpaid. Pace 
Electronic Products, Box 161-H, Ontario Center, 
New York 14520. - 

COLLECT WORLD STAMPS commemorating tele 
communications topics. 25tf brings mint selections 
on approval plus booklet “Collect Topicals and 
Have Fun”. Alkanstamps, Box 3494, Scottsdale, 
AZ 85257. - 

24 UNUSED 1625’s. Some boxed. First $17.50 money 
order. D. McMillan, P.O.B. 1042, Astoria, Ore. 97103. 


VERY in-ter-est-ing! Next 5 big issues $1. “The Ham 
Trader,” Sycamore IL 60178 


WARREN HAMFEST, largest family style hamfest in 
East. Sunday, August 18th, at famous Yankee Lake 
Park. Giant fleamarket, swimming, picnicking — 
All Free. QSL W8VTD, Box 809, Warren, Ohio 44482. 


DELCO RADIO for 1968-73 Chevrolet pickup truck. 
Complete kit including antenna. $27.50 plus $2.50 
postage. Joe Wilkerson, W5RSN, 1826 Cypress Dr., 
Irving, Texas 75061. 


BUY—SELL-TRADE. Write for monthly mailer. Give 
name, address, call letters. Complete stock of 
major brands new and reconditioned equipment. 
Call us for best deals. We buy Collins, Drake, Swan, 
etc. SSB & FM. Associated Radio, 8012 Conser, 
Overland Park, Ks. 66204. 913-381-5901. 


WANTED: ARC-51, 618T-1, ARC-102, FM-633, ARC- 
131, 807A Wilcox, Transceivers. Pay Cash. Bob 
Sanett, 616 S. Holmby Ave., Los Angeles, CA. 
(213) 279-1275. - 

TELETYPEWRITERS — Kleinschmidt — portable, 
fixed, sets, punches, parts, reconditioned, reason¬ 
able. Mark/Space Systems, 3563 Conquista, Long 
Beach, Calif. 90808. 213-429-5821. 


WANTED: Collins 312B-5, Ferguson K5AD/2, Box 
502, Medford, N. J. 08055, 609-654-8377. 


FIGHT INFLATION! Super-Dullar Savings — Clegg 
FM-27B only $395. Genave GTX-200 only $219.95. 
Full factory warranty. Pocket your savings. Cashier’s 
check or money order for prompt service F.O.B. 
Arena Communications, Dept. H., 1163 N. Military 
Highway, Norfolk, Virginia 23502. 

THE 9TH ANNUAL MELBOURNE HAMFEST is Sep 

tember 7-8. Air conditioned, $1.50, tables $2/day. 
PCARS, P. O. Box 1004, Melbourne, FL 32901. 


FIGHT TVI with the RSO Low Pass Filter. For bro¬ 
chure write: Taylor Communications Manufacturing 
Company, Box 126, Agincourt, Ontario, Canada. 
MIS 3B4. - 

RUN A KILLOWATT MOBILE? FT-101 owners — 
big boost on transmit plus more gain and selec¬ 
tivity on receive. G3LLL’s RF clipper — details 
Holdings Ltd, 39/41 Mincing Lane, Blackburn, BB2 
2AF, England. - 

HOMEBREWERS: Stamp brings list of high quality 
components. CPO Surplus, Box 189, Braintree, 
Mass. 02184. - 

RECIPROCATING DETECTOR, write Peter Meacham 
Associates, 19 Loretta Road, Waltham, Mass. 02154. 


CALCULATOR OWNERS: Use your f-X-: calcula 
tor to compute square roots, cube roots, sin(X), 
cos(X), tan(X), arcsin(X), arccos(X), arctan(X), 
logarithms, exponentials, and more! Quickly, Ac¬ 
curately, Easily! Send today for the Improved and 
Expanded Edition of the First and Best Calculator 
Manual — now in use throughout the world . . . 
only $2.00 Postpaid! Be sure to try this manual 
before buying a more expensive calculator . . . Ab¬ 
solutely Unconditional Money-Back Guarantee — 
and Fast service! Mailman Optics and Electronics, 
Dept.-Ml, 836 South 113, WestAllis, Wisconsin 53214. 


QSLs CATALOG SAMPLES 35^. Ritz Print Shop, 
5810 Detroit Avenue, Cleveland, Ohio 44102. 


TELL YOUR FRIENDS about Ham Radio Magazina. 
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AUDIO AUTOMATIC GAIN CONTROL AMPLIFIER 

Eliminate tone decoder problems due to input signal variations 
and other problems caused by weak, strong or varying signals. 
The AAGC-1 will take signal levels between 50 mV to 5 Volts 
and feed a clean rock stable signal to any decoder for perfect 
operation. 

Shipping Weight 3 oz. $12.95 kit 
$17.95 wired 

DELUXE RECEIVER PREAMPS 

Specially made for both OLD and NEW receivers. The smallest 
and most powerful single and dual stage preamps available. 


STAGES GAIN 


Double 40 dB 


Double 35 dB 


Double 28 dB 


NOISE KIT 
FIGURE PRICE 


$18.50 $24.50 


$18.50 $24 50 


$18.50 $24.50 


DATA ENGINEERING 




2212 PALMYRA RD. ALBANY, GA 31701 


Please include sufficient 
postage for shipping 


912435 1764 


\TV/ tRi -tek, me. 

P. O. Box 14206, Dept. H 
V Phoenix. AZ 85063 

MC 1455 (555) TIMER NEW $1.65 

TRANSISTORS 

2N3905 High Speed PNP. House numbered 5/$l 
MJE 1093 PNP Darlington. 70W. 80V $2.25 

JAN2222A High Speed NPN Switch $ 39 

MPF 120 Dual Gate MOS Fet $ 75 

MFE 2000 VHF/UHF N Channel JFET $ 75 

MFE 2001 VHF/UHF N Channel JFET $80 

8038C VCO WAVEFORM GENERATOR. 

New. factory parts Full specs 

5.75 ea. 2 for $10.50 10 for $50.00 

MM 5314 CLOCK CHIP with full specs $9.50 

7 SEGMENT LED READOUTS. MAN 1 si ze 

RED $2.75 ea. 6/$15.00 

GREEN $4.95 ea. 6/$24.00 

FM MULTIPLEXER ADAPTOR. Solid State, new. 
with hook up diagrams. $5.25 

DTL SALE. 930 Dual 4 input nand gate; 946 
quad 2-input nand gate; 962 triple 3-input 
nand gate 

25r ea.. 10/$1.75, 100/$15.00 - Any mix 

TTL SALE. New house numbered. SN7400. 
SN7102. SN7410. SN7430 

25r ea., 10/$2.00, 100/$17.50 - Any mix 


VISIT OUR NEW RETAIL STORE 
LOCATED AT 6522 N. 43rd AVE., GLENDALE, AZ 

All Orders Postpaid. Minimum $5 US. $15 
Foreign. Latest Lists. 10c Stamp. Please ADD 
INSURANCE. 



“THE ELECTRONICS STORE” 

RMS CORPORATION 

675A GREAT ROAD (ROUTE 119) 
LITTLETON. MASS. 01460 

7400 SERIES I C *s MATRIC KEYERS 

HUSTLER ANT APOLLO CABINETS 

VHF ENG. KITS VENUS SSTV 

LARGE INVENTORY OF COMPONENTS 
1-495 to Rte. 119, Groton Exit 40 
2 Miles On The Right 

ALL-BAND ANTENNA CONNECTOR 


% 


HVEQUE 1 mi.l«lf<l «><nrw*i h.i» 
«•>,•!« |v I f M-anruii; •ittlrtm.i rlrmrnl*. 
Iviiv> mpppi Ii .hI*. in.ia I'l.JVI inn 
iitflt'i ln» Irralliiw, .nail l»i*-|at<inl !••» 
•inla'iin.i ait|i|»>il I >t • .»|» |iii*ln I* 
• ••lilla'i |tif H. iiil.tfi ral Al suit ilr.il 
h ' .< J3.9S po%tpd « iiiii|Mni'it) m 

tnl.it* ifv 2 for 99- ppd. Intlnii (xmi 

in, li ii|i' il 


BUDWIG MFG. CO., P.0. Bo. 97H. Ramon., Calif. 92065 


FM Schematic Digest 

A COLLECTION OF 

MOTOROLA SCHEMATICS 
Alignment, Crystal, and Technical Notes 
covering 1947-1960 
136 pages ll>/ 2 " x 17" ppd $6.50 

S. Wolf 

P. 0. Box 535 

Lexington, Massachusetts 02173 
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DISCOUNT PRICES PLUS FULL WARRANTY, call or 
write for fast quote and delivery. All items new, 
guaranteed. Midland 13500 15W/12CH 219.95; 

13520 WT 209.95; New CDE Ham-2 109.00; CD44 
79.95; Belden 8-wire rotor cable #8448 10<?/ft; 

20% off list: Hygain TH6DXX, 204BA, 402BA, 

Mosley Classic 33, MCQ3B quad; Belden, Consoli¬ 
dated RG8 foam coax #8214 18<Vft; Belden 100 ft. 
RG8 foam with PL259 ends 17.95; Amphenol PL259 
59# Dowkey llOVac antenna relay 39.95; Vibro- 
plex; Discount Triex Tower W51, MW50, MW65, fob 
California; Write Swan, Drake, Kenwood. Electra 
Bearcat 2-band scanner 129.95; Callbooks, free 
flyer. Prices fob Houston. Madison Electronics, 1508 
McKinney, Houston, Texas 77002. 713/224-2668. 
Nite 713/497-5683. 


QSL'S — BROWNIE W3CJI — 3035B Lehigh, Allen¬ 
town, Pa. 18103. Samples with cut catalog 35# 


PARTS BARGAIN: Motorola HEP170 epoxy diode 
2.5A/1000PIV 10/2.90; #15 copper antenna wire 
1.95/C; 6x9 copper clad boards 3/2.00; 3/16" 
cable clamps 18# 6" eye-jaw turnbuckle 2.75; Pre¬ 
max copper clad ground rod %x8' 3.25; %x8' 

4.75; Belden 8214 RG8 foam coax 18#/ft; Belden 
100 ft. RG8 foam with PL259 ends 17.95; Amphenol 
PL259 59# CDE -001/10KV doorknob capacitor 
1.95; RG62/U 6^/ft; RG71/U 6#/ft; Motorola semi¬ 
conductor data series books 7.50; new Brandes 
headphones (J) 5.50: many old tubes, write needs. 
Monarch code oscillator 1.50; Raytheon 811A 8.95; 
Sorensen ACR 2000VA AC regulator 150.00; new 
panel meters — write (4.95-7.95); all items new, 
guaranteed. Prices fob Houston. Madison Elec¬ 
tronics, 1508 McKinney, Houston, Texas 77002. 


DO-IT-URSELF DXPEDITION — Stay at ZF1SB — 
Cayman Is. Vertical antenna and Caribbean at your 
doorstep. Diving/fishing if band folds. Write Spanish 
Bay Reef Resort, Box 800K, Grand Cayman, B. W. I. 


R388/URR, mint condition, calibrated with book. 
$350.00 and you pay freight. W3TZI, P. Eriksen, 8 
Deville Cir., Apt. 10, Wilmington, De. 19808. 


TECH MANUALS for Govt, surplus gear, $6,50 each: 
R-220/URR, R-274/FRR, URM-25D, URM-32, TV-2/U, 
TT-63A/FGC, TS-382D/U, TS-497B/URR, LM-21, 
TS-34A/AP, ARR-7, USM-16, TS-175/U, CV-591A/ 

URR. Thousands more available. Send 50^ (coin) 
for list. W3IHD, 7218 Roanne Drive, Washington, 
D. C. 20021. - 

5-6 MHz VFO SYNTHESIZER tunes in 100 Hz steps 
with digital frequency control. Accuracy within one 
Hertz. Direct outputs also on 10-12 MHz, 50-60 
MHz, and 100-120 MHz. $250. Sase for information. 
Petit Logic Systems, Box 51, Oak Harbor, Wa. 98277 


NEED PARTS? We carry parts for R-388-390-390A- 

391- 392-1051-51S1 - Nems Clark-Racal-Pack sets • 
PRC-25-41-47-62-70-71-73-74-77. If you need a part 
no matter what you have. If its U.S. government 
we have it or can get it. Also we want to buy or 
trade all aircraft communications. All ground radio 
communications. All plug-in modules control heads. 
No matter what cond. they are in ■ bent or busted 
ok. We will buy or trade. We have R-390-388-390A- 

392- 1051-51S1 Nems Clark - Racal - and new ham 

gear for trade. D & R Electronics, R. D. #1, Box 
56, Milton, Pa. 17847. Phone 1-717-742-4604 after 
6:00 P.M. - 

AUTOMATIC TELEPHONE ANSWERING COMPUTER. 

The best available. List $239.95. I have two new 
and still in boxes for $150.00 each. Warranty is 
still good. First check takes one or both. WB8CTA, 
1000 Moore Road, Conway, Mich. 49722. 


TEFLON WIRE #22 gauge stranded, silver plated. 
$1.75/100 ft. Rich Shyer, 625-4 S. Palomares, 
Pomona, Calif. 91766. 


432 MHz TRANSMIT CONVERTER, 5W output, 6939 
mixer, 6939 amplifier, solid state L.O. chain, 4% x 
7Vz cast aluminum box. 432 MHz receive converter, 
two low noise JFET RF stages, 20 dB gain, cast 
aluminum box, requires 12-15VDC, 10M and 6M IF 
available, $49.95 ppd. Oscar 10M pre-amp, using 
two FETs, three toroidal inductors, 1V 2 x 3 P. C. 
board, 20 dB gain, $10.50 ppd. Write for more 
information. Carmichael Communications, P. O. 
Box 256, Carmichael, CA 95608. 


STOLEN: Sonar 3601, Serial #1416. Reward for 
return. Paul F. Kelley, K1UXD. 


NURMI ELECTRONIC SUPPLY 

Department 14 

1727 Donna Road • West Palm Beach, Florida 33401 
PHONE - (3051686-8553 


HEP 


THE “DO EVERYTHING' 
2% AMP, 1000 VOLT OIODE 



Moiorola is catching up on the backlog and we've got thousands 
of them back in stock. 10/$2.50 — 100/$20.00 


□UCBZJO 4Q673’S 

THE MOST POPULAR DUAL GATE PROTECTED MOS FET 

around. Good to over 400 MHZ. We got'm and you get'em for 
only. 5/S6.00 


RG-174/U 

WE WENT THROUGH 20 MILES OF IT LAST TIME! 

We are authorized Belden Distributors and new shipments have 
come in from the factory. Split a 500' spool with a friend and 
save $$$$$ 

BELDEN NO 8216 100'/$5.25 - 5007S19.30 


RF POWER TRANSISTORS 


We did it again All brand new with standard 
markings and most were manufactured ihis year. 
A major manufacturer dropped his RF power line 
and we bought his inventory. 




2N5569 3 Watts Out $ 3.50 

2N5690 10 Wans Out 6 00 
2N5591 25 Watts Out 12.00 


2N6080 4 Watts Out 5 00 

2N6082 25 Watts Out 10 00 

2N6084 40 Watts Out 15 00 


All are Silicon NPN and power output ratings are good to 
175 MHZ. Hurry! Some quantities are limited. 


KEYSTONE PERF 
BOARD 

G 10 Glass Epoxy 
Perf Board 3/64” Thick. 


UNCLAD- 

No Size (in.) Price 

4229 2 «4’A S .85 

4230 2 x0 109 

4231 44*6 1.55 

4232 17 * 6 5.75 


COPPER CLAD ONE SIDE 


i No Size (in.) Price 

4238 2 x 44 $1.35 

4239 2 x 6 1 85 

4240 4 4 x 6 3.20 

4241 17 x 6 6.70 



PUSH-IN TERMINALS For .042 DIA. HOLES 




RF RELAY 

Designed to handle 200 watts to 450 
MHZ. 12 VOC coil. DPDT. The nicest 
RF relay we have ever had. Only about 
1-1/4" cube Super low VSWR. Satis¬ 
faction guaranteed 

Only $4 95 or 4/S17 00 


ARCO/EL MENCO TRIMMERS 



-WE GUARANTEE WHAT WE SELL!!!! - 

We ship UPS whenever possible Give street address. Include enough lor 
postage, excess refunded in cash. Florida residents include 4% Tax 
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DIGITAL:THEORY,DESIGN , 
CONSTRUCTION 

LOGIC 

NEWSLETTER 6 

SAMPLE COPY $ 1.00 
LOGIC NEWSLETTER 
POB 252 

WALDWICK.N.J. 07463 


LOW PRICES 

ON POPULAR COMPONENTS 

IF FILTERS 

• Monolythic crystal filters at 10.7 and 
16.9 MHz 

• Ceramic filters at 455 kHz 

SEMICONDUCTORS 

• VHP power transistors by CTC Varian 
. J and MOS FETS 

• Linear ICs — AM/FM IF. Audio PA 

• Bipolar — RF and AF popular types 

INDUCTORS 

• Molded chokes 

• Coil forms — with adjustable cores 

CAPACITORS 

• Popular variable types 

QUALITY COMPONENTS 

• No seconds or surplus 

• Name brands — fully guaranteed 

• Spec sheets on request 

GREAT PRICES 

• Price breaks at low quantities 

• Prices below large mail-order houses 

WRITE FOR CATALOG 173 

Amtech, INC. 

P. O. BOX 624, MARION, IOWA 52302 
(319) 377-7927 or (319) 377-2638 


DRESS UP YOUR STATION 

your own engraved woodgrain- 
i ed station identification plate 
\ complete with logging pens 
\ (as pictured) only $9.00, 
I without pens (plexi-base) 

Y $5.00, complete satis- 

V faction — prompt de- 

« livery Guaranteed. 

JL- J & L Plastic 
WM Engraving 

BOX 23 
JACKSON, Ml. 49204 


Atlas-180 .. . No Repeater Required. 


WITH THIS MOBILE RIG YOU CAN QSO all over the state, across the country, and even 
work intercontinental DX. right from the driver's seat, and without the aid of a repeater! 
Only a little bigger than a 2 meter FM rig, the Atlas-180 is an all-solid-state SSB-CW 
Transceiver that covers 4 bands. 20-40-80, and 
160 meters, with a power input rating of 180 
watts, and sells tor only *479. See your Atlas 
dealer for complete details, or write us for a 
brochure and dealer list. 


4S&, ATLAS 

radio INC. 


5580B El Cammo Real Phone (714) 729-8985 

Mail Address P O Box A, Carlsbad. California 92006 


m 

■ 
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CIRCUIT BOARD G-10 glass epoxy. 1/16" double 
sided. 1 02 . 7 x 8" $1.25. 6 x 18” $2.50. Rich Shyer. 
625-4 S. Palomares. Pomona, Calif. 91766. 


FAX PAPER: For Desk-Fax. new (not surplus), pre¬ 
cut (not rolls). $15 per thousand sheets, postpaid 
world wide. Bill Johnston, 1808 Pomona Drive. Las 
Cruces, New Mexico 88001. 


PRECISION HAND TOOLS, special ham experimenter 
discount. Letter brings mailings. Artisan Tool Com¬ 
pany. Box 36. Glenmont, New York 12077 

THE EGYPTIAN RADIO CLUB INC. will hold its an 
nual Hamfest on Sunday. June 9. 1974 at the pic¬ 
nic grounds. 700 Chouteau Slough Road. Granite 
City. Illinois. Something for everyone — prizes - 
games for the children - food at the club house • 
parking for swaps, etc. 


WANT OLD RADIO SHOW TRANSCRIPTION discs 
Any si/e or speed. Send details to. Larry Kiner, 
W7FIZ. 7554 132nd Ave. N.E.. Kirkland. Wa 98033 


SALE: HEATHKIT HW 101, new condtn. factory 
ckd alind $240.00 Also HP23B ps 1 year $35.00; 
both w-manls. cable $250.00 p.p cont. U.S WB0IGZ 
R E. Smith 1405 Brdwy. Lamar. MO. 64759. Tel. 
417-682-2659. - 

TELETYPEWRITER PARTS, gears, manuals, supplies, 
tape, toroids. SASE list. Typetronics. Box 8873. Ft. 
Lauderdale. FI. 33310. Buy parts, late machines. 


WANTED: Drake TC-2 Converter, for TR-6, Russell. 
19680 Mountville Dr.. Maple Hts. Oh. 44137 — 
216-662 2175. - 

THE ORIGINAL FM HAM FEST Sunday. August 4. 
1974. near Angola. Indiana Free flea market, en¬ 
tertainment for ladies and kids. Picnic grounds, 
campsites, boating, food, soft drinks, available 
rain or shine. For information contact Fort Wayne 
Repeater Assn., Box 6022, Fort Wayne. Ind 46806. 


FREE Crystals with the purchase of any 2 meter 
FM radio. Write for our deal on the rig of your 
choice. Factory-authorized dealers for Regency, 
Drake. Icom, Kenwood. Tempo. Alpha, Genave. 
Swan, Clegg. Ten-Tec. Standard. Telex. Midland. 
Halticrafters. Galaxy. Sony. Hy-Gain. CushCraft. 
Mosley, and Hustler. For the best deal around on 
HF or VHF gear, see us first or see us last, but 
see us before you buy. Write or call today for our 
low quote and become one of the many happy and 
satisfied customers of Hoosier Electronics. R R 
25. Box 403. Terre Haute. Indiana 47802. (812)- 
894 2397 

EXPERIMENTERS! Let us help you into the fast 
paced world of computers and digital logic. We 
have computer projects, theory, instruction — all 
written with the experimenter in mind. We also 
have excellent articles in microwave, audio, much 
more Send for free listing Experimenter’s Library. 
Box 2367. W. Lafayette. IN 47906. 

FOR SALE: TMC AO-101 SSB transmitting mode 
selector exciter unit With power supply Rack 
mounting. Very good condition. $250.00 W8SYK. 
2564 Glenwood. Toledo. OH 43610. 


WANTED: tubes, transistors, equipment, what have 
you? Bernard Goldstein. W2MNP. Box 257. Canal 
Station. New York. N. Y. 10013. 


FOR SALE: Lampkin 105B frequency meter PPM 
package With Xtal calibrator and computer fre 
quency book $200. Leith Mangels K2SBI, 61 E. 
Main St., Ramsey. N. J. 07446. 


WORLD QSL — See ad page 92. 


MIX PLEASURE WITH PLEASURE at the Hamburg 
International Hamfest near Niagara Falls on Sep 
tember 21. For information contact Lin Brownell 
WB2HCL. 210 Buffalo. Hamburg. N. Y. 14075. 


CANADIAN JUMBO SURPLUS and Parts Catalogs 
Bargains Galore Send $1. ETCO-HR. Box 741. Mon¬ 
treal •’A” H3c 2V2. - 

DRAKE. TR-4C, 34PNB, AC-4, MS-4, new. factory 
warranty. $625. Wanted: Drake TR-6 — Russell. 
19680 Mountville Dr., Maple Hts. Oh. 44137 — 
216-662-2175. - 

DRAKE 2B, all crystals, manual, calibra'or; excel 
lent. $160 plus shipping. John Skubick. 1040 
Meadowbrook, Warren, Ohio 44484. 



THE VALUE PACKED 


f Model HRT-2 

HANDHELD 

5 Channel, Narrow Band 
2.2 watt FM Transceiver 
ONLY $170.00 


American Made 
Quality at Import Price 


■mmAmibicmo 


Topeko FM Communicotions and Electronics 

tim C . I 125 Jockton. Topeko KS 66603 • 233 7580 ©f 7343 


GAM has what your 
repeater needs 


MODEL TG5-S 

8.2 dB Gain over Isotropic 
6.0 dB Gain over Dipole 

• Bandwidth to 1 dB down 

• 500 Watt Power Rating 

• 15 to 1 SWR 

• 75 MPH Wind Rating with 1/2 inch of ice 

• Assembled Length 153 3 4* 

• Knockdown Length 57" 

• Easy disassembly for shipping or relocation 

Model TG5-S (144-160 MHz) 
Model TG5-SH (156-174 MHz) 
$10450 

lit I fix* ultw mad*' 


4 A -M 

Electronics 


191 VARNEY STREET 
MANCHESTER NH 03102 
TEL (603) 627 1010 


More Details? CHECK-OFF Page 94 
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GLADE VALLEY SCHOOL RADIO SESSION 

15th year - July 27 - Aug. 9, 1971 

Couiwt Tiiught C«w«l Throry ant) Cod* 

Aiiv.merit Theory and Cod* 

Amateur l «tix thriii , end Cod* 

Colt privrl*g*t at N«w Hi»#r Country Club <Im tithing 

_ ihiis ii ti t iu a him i n hvusi _ 


Profile attended from the folhmini: state $: 

North ( .tmlmu. Smith ( .irolmu, Missouri. Tennex- 
*ch», I’t.ih, Klorul.i. Oklahoma, West Virginia, Ala- 
hama, New Hampshire, Iowa, District of Columbia, 
Vermont. Arizona, Imliana, Ohio, New Jersey, 
New York. Massachusetts. Maryland, Virginia. Illi¬ 
nois. Michigan, (ieorgia, Kansas, Mississippi, Ne¬ 
braska. Maine, Kentmks, California, New Mexico, 
Arkansas, Texas. Wisconsin, Louisiana, Oregon, 
Connecticut, Minnesota, Pennsylvania. 

We’ve changed our name (front Camp Albert But¬ 
ler to Clade Valles School Radio Session) and our 
location. We have pist moved lour miles front our 
previous site. We are now on the campus of a 
neaiitiful small boarding school. Lxcellcnt accom¬ 
modations. same good final and the same excel¬ 
lent instructors. 


! C. L. Peters. K4DNJ. Director 
i P O Box 770. Elkin. North Carolina 28621 
J Pleave send me the booklet and Aiiidicotion Blank 
i for the (Hade Valley School Radio Sctrinn. 


City/State/Zip 


NEW FOR 74 

ECM 5A FM Modulation Meter 

• Option 30 S00 MMr flnlv 

• Ciyital controlled lo« fast and easy 
opctalion 

• P**b i tiding j 

• Accurate within 1 hHf at 15 hHi I “ I 


Phon* or w*>t* 5*-i' W9HAK I ^ — I 

Int com]>1*1* inloinulion Dial I . - - . § 

81? 476 ?1?1 ' ■ ' ■ ■ .J 

Available by thrift I mail only ORDER INFO Serul check or money 
Older lot $85 00 plus $1 50 tor handling Indiana residents Jd«l 4 . 
vales las Crystals lor 146 94 MH/ $3 95 «•* All other lt*q» $7 10 


ECM 


ECM Corporation 
41? N Wrmhach Avr 
Evansville. Indiana 47711 


COIL WINDING 

SPECIALS & STOCK ITEMS 


HI Q 
FERRITES 


LO DC RESISTANCE UNITS 
POWDERED IRON AIR CORE 


RF CHOKES • TOROIDS VARIABLES 
HIGH STABILITY POT CORE INDUCTORS 


USING MAGNETIC MATERIALS FROM 
FERROXCUBE. MICROMETALS. FAIR RITE. 
CAMBION. QUALITY COMPONENTS. ETC. 

Quick Quotes 
Send Specs or Sample 

CADDELl COIL CORP. 


*9.95 


Album contains three 12" 
LP’s 2 Vt hr. Instiuctmn 


THE EAST WAV! 

• No Booki.To Read 

• No Visual Gimmicks To 
Difttract You 

• Just Listen And Learn 

Based on modern psychological 
techniques - This course will take 
you beyond 13 w.p.m. in 
LESS THAN HALF THE TIME' 
Available on magnetic tape 
$9.95 - Cassette. $10.95 


EPSILON K] RECORDS 


508 East Washington St.. Areola, Illinois 61910 

Columbia Pays Top $ $ $ ! 

We need these today - now! 

• SP-600JX Hammerlund Rcvrs 

• 618T Collins Transceivers 

P.S. We’re also hungry for: Bendix. Collins. 
Tektronix. HP, etc. lab equipment; late 
model military elec, for ground, sea. air; 
other good gear. We pay freight! Airmail 
cond. & $$ — wanted today — now! We're 
desperate! 

COLUMBIA ELECTRONIC SALES, INC. 

Box 9266-C, No. Hollywood. CA. 91609 
Phone: (213) 764-9030 


Radio Amateurs 
Reference library 
of Maps and Atlas 


WORLD PREFIX MAP — Full color, 40" » 28". shows 
prefixes on each country DX zones, time /ones, 

cities, cross referenced tables $1.25 

RADIO AMATEURS GREAT CIRCLE CHART OF THE 
WORLD — from the center of the United States' Full 
color. 30" x 25". listing Great Circle bearings m de 
grecs lor six ma|or US cities. Boston. Washington, 
D C . Miami, Seattle. San Francisco & Los Angeles. 

$1.25 

RADIO AMATEURS MAP OF NORTH AMERICA! Full 
color. 30" x 25" — includes Central America and tne 
Caribbean lo the equator, showing call areas, /one 
boundaries, prefixes and time /ones. FCC frequency 
chart, plus useful information on each of the 50 

United States and other Countries $1.25 

WORLD ATLAS — Only atlas compiled for radio ama¬ 
teurs Packed with world wide information — includes 
1 1 maps, in 4 colors with /one boundaries and coun 
try prefixes on each map Also includes a polar pro 
lection map of the world plus a map of Ihe Antarctica 
— a complete set of maps of Ihe world 20 pages 

tin B’A" x 12” $2.50 

Complete reference library of maps — set of 4 as listed 
above $3.75 

See your favorite dealer or order direct. 

Mail orders picas* include 50< per Older for postage and handling 


802 287 4055 POULTNEY, VERMONT 05764 


W*IT£ FOP 
FR££ 
BROCHURf! 


RADIO AMATEUR I 

^cal 

, Dept. E 


n pn . r 925 Sherwood Drive 
v ' lake Bluff. III. 60044 
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QSLS. Second to none Same day service. Samples 
25f. Ray. K7HLR. Box 331. Clearfield. Utah 84015. 


URGENTLY NEED FOR SCHOOL SCIENCE PROJECT: 

Hammarlund HR-10 or SP600VLF; any ARC-5 re 
ceiver. especially BCB or 6-9. Rustrak tape and 
recorder. Call person-to person collect. Bob Am 
mons. 406-543 5359 or write 411 Keith, Missoula. 
Montana 59801. Any reasonable price. 


PROP-PITCH MOTORS FOR SALE. Reconditioned — 
FOB 1965 La Cuesta. Santa Ana. Calif. 92705 
Days (714) 833-2133. mte (213) 835-1936 


THE 37th ANNUAL MISSION TRAIL NET ROUNDUP 

will be held on June 15 and 16 at Pea Soup An 
derson's Buellton. CA. 45 miles north of Santa 
Barbara in the beautiful Santa Ynez Valley For 
information and reservations contact Bill Long 
K6EVQ. Box 151. Buellton. CA 93427 


WANTED: HT-200. 2 meters, any condition State 
price and condition Ron Dierkens. 3367 Ellington 
Dr.. Altadena. CA. 91001 


MOBILE IGNITION SHIELDING provides more 
range with no noise Available most engines in 
assembled or kit forms, plus many other suppres 
sion accessories Free literature Estes Engineering 
543-H West 184th, Gardena. California 90248 


HAVE 1000 14 PIN 1C WIRE WRAP SOCKETS. 10 

for 4.00 pp. or trade for electronic components 
Harold Nowland W8ZXH. 15721 Fordlme. South 
gate, Mich 48195 - 

SIGNAL ONE OWNERS, expert and prompt service 
by ex-Signal/One engineer Also will purchase your 
functioning or not functioning unit or spare parts 
Write or call for details Larry Pace. K2IXP/7. 5717 
Genematas. Tucson. AZ 85704 (602-888 5234) 


WANTED: 101 short wave hook ups by editors of 
Short Wave Craft published in late 30's Bill Strick 
lin. W4GJG, 118 Coburn Drive. Chattanooga. Term 
37415. - 

QSL's, Sample catalog 20r N & S Print. P O 
Box 11184. Phoenix. Ariz 85061 


SIX METER CLUB OF CHICAGO, 6th Annual Ham 
test Sunday. June 9. at Santa Fe Park. 91st Street 
and Wolf Road in Willow Springs. IL Food and 
drinks available and a Swap & Shop section is 
provided (manufacturers also invited) Advance 
registration is $1.50 — Admission at gate. $2.00 
Contact Val Hellw.g. K9ZWV. 3420 S 60th Court. 
Cicero. IL 60650 - 

LEDS, sample pack of 10. includes green and 
yellow. $3 25 postpaid U S A East Coast Electron¬ 
ics. 50 Scott St.. Hamburg. N Y. 14075 


SELL/TRADE Clegg 22 er AM clean. $290 Lampkm 
105B clean, $130. Write for mailer Hutchinson. 
824 Read. Lockport. Ill 60441 


MOTOROLA PORTABLES — Expert repairs, reason 
able prices, fast turnaround time. More details 
and flat rate catalog FREE Ideal Services. 6663 
Industrial Loop. Greendale. Wi 53129 


CANADIANS — Collins 75S 3. 200 CPS. 2 1 kHz. 
3.1 kHz filters Fine condition $495. G Stewart. 
VE4GS. 26 Dominion Bay. Thompson. Manitoba 
(204) 677 5802 - 

WYOMING RANCH LAND. Wild horses, antelope, 
deer. 10 acres $25 down. $25 month Owner 
K6ICS, Mike Gauthier. 9418 Florence. Downey. 
CA 90240 - 

MANUALS for most ham gear made 45'65. some 
earlier Send SASE for specific quote Hobby In 
dustry. WCJJK. Box H 864. Council Bluffs. Iowa 
51501. - 

PRINTED CIRCUIT DRILL BITS Trumbull. 833 
Balra Drive. El Cerrito. California 94530 

EXCLUSIVELY HAM TELETYPE 21st year. RTTY 
Journal, articles, news. DX. VHF. classified ads 
Sample 30r. $3 00 per year Box 837. Royal Oak. 
Michigan 48068 - 

PC’s, Send large SASE for list Semtromcs. Rt 
-3. Box 1. Bellaire. Ohio 43906 
gate. Mich 48195 - 

YOUR AD belongs here too. Commercial ads 35. 
per word Noncommercial ads 10c per word 
Commercial advertisers write for special discounts 
for standing ads not changed each month 



VHF COUNTER PREAMP 

INCREASE MEASUREMENT ACCURACY v»htn chock- 

mg frequency of crystal oscillators or VF0‘s by using this 
high sensitivity insulated probe It avoids the age-old prob¬ 
lem of pulling oscil!a‘or, off frequen:y when coupling with 
dip leads, coils, loops, etc . to get the s g lal to your 
counter. The preamp has approx 20 dB of gain with a 
frequency range of 100 kHz to 200 MHz. is self contained 
and operates from internal batteries (3 pencells) Output 
level is 200 millivolts rms enough to drive most any 
counter It may a'so be used as a general purpose preamp 
for wideband scopes, detectors, RF voltmeters, etc When 
used with the model 6-VHF.A counter (shown), tyo-cal 
sensitivity is better than 5 millivolts rnis at 150 MHz 
Write for additional details or order direct 
VHF Counter Preamp w/p obe, less bait S'5 00 ppd 

Model 6-VHF-A Counter (250 MHz, .0002%) S390 ppd 

Model 6-UHF Counter <500 MHz 0031%) $495 ppd 

jg> p AGEL ELECTRONICS 

674? C Tami»a Avenue 
Retro* CALir visas 


WIND SETS 



11" long x 5%" high 
sensor head assembly, 
12" long support. 
(2) T V type damps 
and instructions 
supplied with 
both models 



MARK III 


Compact modern design no rotating cups immed-ite 

iCiponse to slightest breeze single % dia low voltage 

vinyl cable conrects sensor head assembly to console w.th 

Vb dia male 6 pm connector (Standard cable 50 feel) 

MARK II 

$140.00 

COMPLETE 

Windspeed 0-120 m p h 

Wind Direction 0 thru 36C* 

Console 7" x 4 x 4" White Enameled 
Aluminum. Power 110 Volts A C 

MARK III 
$160.00 

COMPLETE 

Winds need 0-120 m p t» 

Wind Direction 0 thru 360* 

Outsid? Tc-mperatire — 15*F- + 140*F 
Console 12" * 5 high * 3% M deep 

Hand Polished Walnut 

Power 110 Volts A C 


SEND FOR COMPLETE BROCHURE TO: — 


Tmac. Products 

P O BOX. *28341 (LINCOLN VILLAGE BRANCH) 
COLUMBUS. OHIO 43228 


More Details? CHECK-OFF Page 94 
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RTTY VIDEO DISPLAY UNIT 

vioitype ™ LELAND ASSOCIATES 

Mnnn «7?SbbU is /04 Glastonbury rd 

rcm aihii»uhi OETROIT. Ml 48219 


LOOKING FOR A NEW CHALLENGE? 

... then build a TV camera! | 

ONLY SOLIOSTATE CAMERA AVAILABLE IN KIT FON 
OR TACTORY ASSEXB. ia COMPLETE K)T WITH v'OCDN 
• BE OUMW.XI. PatPAJD DaiVERt A1MA-E»E IN 
uSA, CANADA andMEUCO. OPTIONAL AUO©$L*CAM«ER 
JIB.95. «WTEw PH>E Om K>R COMPLETE CATALOG Of 
KITS, PARTS mi PLANS. DIAL 40WIM771. 

1301 moaoway nw ATV Research Dakota city, him «*m| 


PRINTED CIRCUIT BOARDS 

for any amateur project in any 
amateur periodical. 

Published with artwork 
Get your homebrew projects off to 
a professional start 

Write for Complete Details and Prices 

D. L. "Mac" McClaren, W8URX 

Printed Circuit Service for the Amateur 

19721 Maplewood Ave. Cleveland, Ohio 44135 
216-267-3263 



VHF/UHF 


CONVERTERS 

PREAMPS 


Ten meters through 432 MH* A post card will bring our 
full 1974 Catalog 


$ 


I laboratories 


BOX 112 SUCCASUNNA NJ 07876 
Telephone 201584 6521 


READ ONLY MEMORIES 

PROGRAMMED TO YOUR SPECIFICATIONS - $6 95 

N. Why *pen«i $7-K for a surplus ROM w hen $6 95 

(hjjS. will buy a NEW 74INHIH22I replacement I *ire«iy 

imiirrammeii the way you want it. This »» a 256- 
| ) ^, tal bit ROM ami each in tested after programming. 

Send a dime for info and a blank truth table 
• 23. WAPLES PARK FAIRFAX. VIRGINIA 22030 • 


j 3-D MAGNETIC CALL SIGNS I 

3 inch letters 

Your choice of colors — 

Black. Red. Blue or Green 

S Adherence to metalic surfaces test up to 180 MPH ! 
$4 00 each — 2 for $7.00 (same call) 

ALSO 

RUBBER STAMPS 

l i 

Made to order — 3 lines - $4.00 
Preinked stamp pad $1.35 

(Please print or type all copy) 

WB80TV SPECIALTY PRODUCTS j 

! P. O. Box 187 • Grasslake, Michigan 49240 i 



NOVICE 
RADIO GUIDE 

by Jim Ashe. W1EZT 

A complete handbook for the beginning ama¬ 
teur. Covers basic communications theory. How 
to build transmitters and simple receiving equip 
ment. How to set up antennas. Putting your 
station together, plus valuable appendices Any 
beginner will go further faster with this exciting 
new book. 

$3.95 ppd. 


EQUIPMENT 

lir lit rilli luleir 


TEST EQUIPMENT FOR 
THE RADIO AMATEUR 

by H. L. Gibson, G8CGA 

The finest and most com- 
plete book on this subject 
ever prepared for the ama- 
teur. Tells how to build and 
how to use test equipment. 
You’ll have a much better 
station if you read this very 
useful new book. 

Hardbound Only $5.95 ppd. 


scW-M-r 



SCANNER MONITOR 
SERVICING DATA-Vol. Ill 

The third volume of this 
very popular series contains 
comprehensive servicing da 
ta for 25 popular VHF scan¬ 
ner receivers including most 
TME & TMR Models by Re 

f ency. plus models from 
lectra. Johnson, Midland 
and Pearce-Simpson. 

Just $4.95 ppd. 


HOW TO USE INTEGRATED 
CIRCUIT LOGIC ELEMENTS Second Edition 

by Jack Streater 

This book was written for those who have not 
previously used or designed digital logic cir¬ 
cuits. It is meant to help them prepare for the 
broad inroads digital integrated circuits are 
making. Experimenters will find this book inter¬ 
esting and understandable and will appreciate 
the fascinating logic circuits which are presented. 

$4.50 ppd. 

Order Today from I JgMgwl 


■ I Kara Amu 

ham _ 

radio 

Greenville, NH 03048 
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Now—can you think of one 
good reason to buy a steel tower? 


ascom UNIVERSAL ALUMINUM TOWERS 

ascom electronic products 

12435 Euclid Ave.. Cleveland, Ohio 44106 



Free-standing 
Ascom/Universal 
Aluminum Tower 

Typical Free-standing 
Commercial Steel 
Tower 

Height 

60' 

60' 

Wind rating 

6 Sq. FI. @ 80 MPH 

3 Sq. Ft. @ 80 MPH 

(E1A Standard) 

IEIA Standard) 

Erection 

requirement 

1 man, 3 hr. 

3 men, 8 to 12 hr. 

Tower weight 

1S3 lbs. 

571 lbs. 

Maintenance 

none 

annual 

Mfgr. sugg. list 

$466.20 

$590.00 


ANSWERS TO FM I.Q. QUIZ 
ON PAGE 79 


“THE FM PEOPLE” 
WHO ELSE?? 

SO WHY NOT TRY US FIRST THE 
NEXT TIME YOU NEED ANYTHING 
FOR AMATEUR FM. THEN YOU 
CAN FIND OUT FOR YOURSELF 
WHY WE ARE CALLED "THE FM 
PEOPLE". 



SPECTRONICS INC. 


1009 GARFIELD STREET 
OAK PARK. ILL. 60304 
(312) 848-6778 


More Details? CHECK-OFF Page 94 


USED TEST EQUIPMENT 

All checked and operating unless otherwise 
noted. FOB Monroe. Money back (less shipping) 
if not satisfied. 

Boonton 190A Q-mtr 20-260 MHz 05 1200 375 

Boonton 202B Sig Gen AM FM 54-216 MHz 325 
Boonton 250A R X Meter .5-250 MHz 585 

HPIOOD-Freq, stand, w/scope Acc. lppm 85 

HP185A Scope w/186B amp sampling lgHz 335 
HP202A Function Gen 008 1200Hz 95 

HP205AG Audio Gen. .02 20kHz-metered 195 

HP330C Dist anal 20 Hz-20kHz .1% 225 

HP524D-Freq Counter. Basic unit lOHz-lOMHz 185 
HP540B Trans osc. for 524 to 12 4gHz 185 

HP608D (TS510A/U) sig. gen 10-420 MHz 450 
HP610B Sig Gen .45 1.2gHz calib attn 365 

HP803A Imp Bridge 50 500MHz. 2 200 ohm 195 
Polarad MSG34-Sig. Gen 4.2-1 lgHz calib attn. 

AM FM Pulse mod. 495 

Polarad R uwave revr .4-84gHz with plug-m AM. 

FM. CW. Pulse — less plug-m 225 

Polarad TSA Spec. Anal .01-44gHz with plug-in 
— less plug-in 125 

Solitron 200A SCR tester-checks anode, gate 
volts current, leakage and holding 165 

Stoddart NM10A (URM 6) RF intens mtr 10 
250 kHz, complete with acc. 630 

Stoddart NM20A (PRM-1) RF intens mtr .15- 
25MHz. complete with acc. 655 

Stoddart NM52A RFI mtr, .375-lgHz, w/acc. 985 
Tek RM 15 DC-15MHZ GP scope 265 

Tek 181 Time mark generator 95 

Tek 190A Const Ampl. Sig. Gen 35-50MHz 125 

Tek 565 dual beam 10 MHz scope, less plug-ins 625 
SG24/TRM3 Sweep Gen. 15-400 MHz. CW. AM. 

FM Xtal markers, scope Dev. to 20% 245 

TS-403A Sig. Gen. (HP616) 1.8 4gHz 385 

URM 7 RI-FI mtr (sim. NF-105) 20 400MHz 750 
(Send SASE for complete list) 

PDAV Electronics 

UltMT P. O. Box 941, Monroe. Ml 48161 

Specializing in used test equipment 
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A smooth rhythmic feel — a 
slight but definite "break" — 
these are among the highly de¬ 
sirable features that make the 
operation of a Ten-Tec keyer a 
delightful experience. The KR40 
and KR20 paddle suspensions 
employ magnetic forces to 
achieve the unique "soft touch" 
that means smoother, more artic¬ 
ulate and relaxing QSOs for you. 


KR5 

Single paddle 
straight keyer. Self- 
completing charac¬ 
ters. Pre-set weight¬ 
ing,alterable. 
Excellent "feel". For 
6 or 12 volts, DC. 
Price $34.95 


KR20 


Dual paddle straight 
keyer. Self-complet- 


keyer. Self-complet¬ 
ing characters. Two 
position weight 
switch and monitor 
oscillator. AC opera¬ 
tion. 

Price $59.95 


KR40 

Top • of • the - line 


Squeeze keyer. lam¬ 
bic sequence. Full 
dit and dah memo¬ 
ries, weight control 
and monitor oscilla¬ 
tor. AC operation. 

Price $89.95 




TEN-TEC 


INCORPORATED 

SCVICRVILLC. TINNE88EE 37862 


Damn & ELECTRONICS 

liftUIII CONSTRUCTOR 


WORLD QSL BUREAU 


• Audio Construction Projects 

• Receiver Construction Projects 

• Transmitter Construction Projects 

• Test Equipment Projects 

• Radio Control Projects 

• .. . and much more 

ONE YEAR SUBSCRIPTION — $7.00 
12 MONTHLY ISSUES 
Write 

RADIO CONSTRUCTOR 

Greenville, N. H. 03048 


THE ONLY QSL BUREAU to handle all 

of your QSLs to anywhere; next door, the 
next state, the next country, the whole 
world. Just bundle them up (please arrange 
alphabetically) and send them to us with 
payment of 6c each. 

5200 Panama Awe.. Richmond. CA USA 94804 


PEMCO 


Model SC250 Full Kit 

$195.00 

Model 50A Full Kit 

$165.00 

P C\yfrn ELECTRONICS 

I ClMLU MANUFACTURING 

CO. 

122 ISthSt.. N.E..Salem,Ore.97301, (503 ) 585-1202 


YOUR BEST BET FOR FM! 


DUAL BAND ANTENNAS 


• PREAMP KITS $6, WIRED $10 
FREQUENCIES FROM 20 TO 230 MHz 

• LED SCANNER KITS $10 

• RECEIVER KITS $59.95 

• FULL STOCK CUSHCRAFT FM ANT. 

• COMPONENTS FOR VHF PROJECTS 


These ready to mount antennas consist of full 
H* wavelength elements of No. 12 onpporweld 
wire and can he used as either dipoles or in¬ 
verted vers. No traps, coils, gimmicks, etc. are 
used to shorten tlie elements. 2K\V rating. 
Single coax fecdlinc required. Individually 
mounted dipoles with common center insulator: 
NO/10. $21.95: 40/20, $16.25; 20/15. $14.10. 
Other combinations available. Send for free 
catalog listing dual hand, mnnnhand, and fold¬ 
ed dipole antennas. Haluns available. 1'ostpaid 
contennin.il U. S. A. 


— SEND SASE FOR LITERATURE — 


HAMTRONICS, INC. 


182 BELMONT RD. ROCHESTER. N. Y. 14612 


HOUSE OF DIPOLES 

P. O. BOX 8484 
ORLANDO, FLORIDA 32806 
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r* (limited 

,u», I OFFER! 


i POLV PAKSmjg 

SMASHES 1C PRICES 


HIGH POWER im 

TRANSISTOR 

WITH HEAT SINK 11 


• Factory Marked **• 1 ’ ,s 

Ty «. Sol* I □ SN7432 

..*A n CH7A17 


I SN7400 SO.30 

SN7401 30 

j ; j SN7402 -30 

□ SN7403 30 

□ SM7404 .35 

□ SN740S -35 

n SN7400 *5 

Q SN7407 55 

n SN7408 35 

( ) SN7409 .35 

n SN7410 .30 

( SN7411 .35 

"J SN7413 .03 

H SN7413 *5 

i] SN7416 .39 

II SN7417 .53 

, SN7 420 3t 

["■] SN7421 5! 

LI SN7422 3* 

[ SN7425 5( 

U SN7420 *I 

J <J SN7 430 >< 


G SN7437 

□ SN7438 

□ SN7440 

□ SM7441 


.35 □ SN747 1 

.55 G SN7472 
.53 G SN7473 
.30 □ SN7474 

1.40 L) SN747S 


□ SN7442 1.30 □ SN7470 

U SN7443 1.30 C SJJ747S 

rj SN 7 444 1.30 □ f" 74 ®° 

□ SN7445 1 30 C SM74 *1 

□ SN744* l-«3 □ ** 7 ** 2 

[1 SN7447 1-45 G SN7483 

□ SN7444 ■ *« □ MM" 

n sN7450 .30 □ SN7435 


.53 U SN7410B .93 

ll q SSJJU ll n sN74i®4 a.H 

” R SN74114 .93 G SN7414S 2.10 ,.|r Mmml.d 

, “ H SN74121 60 H SN74166 2.06 , lt . al Ml ' lk x » • s )•.,'. 

1 n 5N74122 95 □ SN74173 2.30 -= 

It H SN74123 1 20 G SN7417® > 20 POCKET CALCULATOR 

ii h sssia si a izvm is om y 

Ssjjsr-S S I i! , ™. 5695 

a 8 SRJ1S is 2 

3 § IS i:H § fes ix . 

• _ p 5N741S3 1.60 D SH74103 !>•--- --- - 

33 Q SN741S4 2.10 □ £" 74 J* 4 CALCULATOR CHIPS 


ID SN74161 1.95 
b SM74163 1.96 



l 23 n 5N74126 -7 

** G SN74139 4 * 


35 □ SN74SO 

.93 □ SN 7431 

.53 D SN74S3 
.33 □ SN 7 434 

.55 G SN74SS 
30 □ SN7460 

.33 □ SN7461 

.35 G SN7462 
30 □ SN74S4 

33 □ SN7483 


7-SEGMENT 

iFn Readouts 


life 

SLA-1 n 


SN7470 SO | [J SN74107 70 |U a 

OVER 1,000.000-PC INVENTORY 

.... I LINEAR A 


n CTSOOl 12-digit* 40-Pin 56.95 
[ ) CT5002-9 Volt version of 5001 - 8 36 
G CT50OS 12 digit* 28-Pin 9.95 
with 3-function memory. 


H In74m us n \n 

H <M748S 1 41 □ SN7 4I45 1 55 

R SN7466 33 □ SN74148 4.30 

30 I □ SN7469 3.30 □ *JJ 74 }*? J 

.30 Q SN7490 1.49 □ ??!I 4 J?i i£2 


i=t:IS? x iRsaisis rsjsbss 



• roCTOAV U«l(» |F«TO#T HITI^ 

□ 531 HI *l*w rate op-amp (TO-5) . ! 

□ 532 Micro power 741 (TO-5) 

G 533 Micro power 709 (TO-5). 

G 536 FET Input op amp (TO S) 

□ 330 Precision 723 voltage rag. (DIP) 

□ 533 Timer 2 u Second* to 1-hr. (A) 

[ ! 336 3 Time* faster than 741C_ 

( ) 558 Dual 741 (A) fe», . 

i: 560 Phase lock loops (DIP) 1 ***,., I 

□ 361 Phase lock loop* (DIP) io« I 

Q 362 Phase lock loop* (DIP) f / 

[ ] 563 Phase lock loop* (A) —* J 

; ) 566 Function nenerator (TO-S) 

] 367 Tone decoder (A) 

□ 702C Mi-grain. DC amp (TO-S) 

[ ) 704 TV sound IF system 

[) 711C Dual dlff. comp (A) 

D 723C Voltage regulator (A) 


(All “LED” TYPES) 


LED MITY DIGIT “DCM'S 

ientilic Devices "liigilul Counting Mmlulen 
rm any other I1CM on the market today. Mo 
res than ever before! Not gaseous, not mcande 


•n l.r.li. t ljoo.se from su< Ii Janious 
iinto s MAN-1. MAN-1. Litronics 
SLA-1 (the last 1 having charac- 


CLOCK CHIPS 
g^MON A "DIP” 

«□ MM5311 6-digit 28-Pin 
i] MMS312 4-digit 24-Pin 
MM5313 6 digit 28 Pin 

I I MM5314 6 digit 24-Plrt 


S 8 88 
8.88 
8 88 
8.88 

Alarm 13.50 


210 NATIONAL Buy any 3 —- Take 10% 

III LINEAR OP AMPS 

2.93 □ LM 300 POS V.R. (super 723) TO-S . . % * 

2 - 95 Li LM-301 Mi-performance op amp (A) ... .4 

2 33 u LM-302 Voltage follower TO-5 S 

2 95 G LM 304 Neg. Voltage Regulator TO-S . . 1.1 

-5 D LM-305 Poe. Voltage Reg. TO-S.1.1 

. U LM-307 Super 741 op amp (A). A 

L LM308 Ml-Q fet type op amp TO-5 . ... 1.1 

□ LM 309M 5V Volt-Regulator TO-5 .1.1 

□ LM-309K 5V Volt.-Reg. 1 Amp TO-3 .1.1 

L LM 310 Voltage Follower TO-5 .1.2 


LJ LM 311 Hi-peH. Volt. Comp. (A) 1.19 

[J LM 319 Ml-speed Duel Comp. DIP 1.50 

L) LM- 320 MINUS 5, 12 or 24V V.R. TO-3 1.30 

G LM 322 Precision Timer . 1.73 

G LM-339 Qued Comparator. DIP .1-75 

□ LM 324 Quad (4-741's in DIP) .2.30 

□ LM 350 Oual peripheral driver .41 

□ LM 370 ACC Squelch op amp. TO-S . 1.19 

[J LM 37 1 RF. IF op amp. TO-S 1.23 

□ LM-373 AM-FM SSB I A.0. TO-S.3.30 

□ LM - 37 4 AM-FM SS IVAD TO-S .3.30 

□ LM-377 Dual 2-watt audio amp.3.00 

□ LM-380 2-watt audio amplifier TO-S . . . 1.69 

□ LM-381 Low noise dual pra amp DIP . . . 1.93 

L) LM-382 Low noise dual pre amp DIP . . 1.9S 

□ LM - 703 RF - IF amp. TO-S .S3 

□ LM-709 Operational amplifier (A).33 

G LM-7 10 Differential amplifier (A) . .45 

□ LM■ 711 Dual Differential Amp (A) .36 

□ LM 723 Voltaga Regulator (A). .69 

□ LM-725 Instrument Op Amp.93 

□ LM 713 Differential Video.1.73 

□ LM-741 Freq. Comp. 709 (A).41 

□ LM-741 CV Mini DIP 741C .45 

□ LM 7 47 Duel 741 (A) 99 

□ LM - 74 8 Freq. adjustable 741C (A).44 

a LM 1303 Stereo pre amp OIP .93 

a LM-1303 FM Multi. Stereo Oem. OIP . . 1.23. 

□ LM 1307 FM Multi. Stereo Oem. OIP ... .91 

□ LM 3028 Differential RF/IF amp .1.30 

□ LM-3900 Quad "currant mirror" amp . . .95 

n LM-4230C Programabla op amp . 2.50 

□ LM 75451 Oual peHpharal driver.44 

□ LM-73453 Dual parlpharal driver.44 

C LM-75492 Quad sag. driver. LEO (OIP) 1.63 

□ LM-75492 Hea digit driver, 2S0ma, DIP 1.63 
(A) TO-5. I)ip or mini Dip 




SANKEN HYBRID 
AUDIO POWER AMPS 

Mfgr’s Type Watts Sals 

□ SI-IOIOY 10 3 8 88 

□ SI 1025E 25 18.88 

□ SI-IOSOE 30 29.95 

systems, tape decks. KM diu- 


Terms: add postage Rated: net HO 

Phone Orders: Wakefield. Mass. (017) 245-H829 

Retail: 16-18 Del Carmine St.. Wakefield, Mass. 

(nfY Water Street) C.O.D.S MAY BE PIIONEI) 

□ 15t CATAL06 on Fiber Optics, ‘ICs’, Semi s. Parts 

POLY PAKS 

P.O.BOX 942H LYNNFIELD,MASS. 91940 
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... for literature, in a hurry — 
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whose names you “check-off” 
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the real performer! 

specifically for repeater 


...or any TWO-METER FIXED STATION OPERATION 



Gain compared to Vi wave dipole 
FCC accepted for repeater application 
Based on El A Standard RS-329 


mechanical 

Vertical element— 117" 
long, 1-1/8" telescopic 
to 3/8" OD high 
strength aluminum 

Radials—four, 21" x 3/16" 
OD aluminum rod 

Connector—SO-239 

Wind load—26 pounds 
at 100 mph. 

Wind survival-100 mph. 

Completely self-supporting 

Mounting—fits vertical 
pipe up to 1-3/4" OD 


electrical 


6 db. gain over % wave dipole 

Omnidirectional radiation pattern 

Maximum radiation—at horizon 

50 ohm feed impedance 

Field adjustable—140-150 MHz 

SWR at resonance—1.2:1 measured at antenna 

Bandwidth—6 MHz for 2:1 or better SWR 

Power—one kilowatt FM 

Feed—Shunt with D.C. grounding 

Radiator—5/8 wave lower section, '/* wave 
phasing, 5/8 wave upper section 


The gain you gain—you gain 
transmitting and receiving- 
get both with Hustler! 


THE HUSTLER MASTER GAINER 

MODEL G6-144-A 

Shipping Wt.: 6.8 lbs. Price: $52.95 


Available from 

all distributors 
who recognize 


15600 commerce portt drive, 
brook par*. Ohio 44142 


tromcs 

corporal 


Exporter: Roburn Agencies, Inc. 
New York, N.Y. 
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NPC POWER SUPPLIES 


\ 115 VAC input 12 VDC 4 amps out 
\ Same as above but regulated 
i Model 108R — 115 VAC/13.6 VD 
max. REGULATED 


4 amps out $24.95 

jlated $34.95 

AC/13.6 VDC 12 amps 
$69.95 


Hustler 4BTV Vertical Antenna $49.95 

Famous Triton ll by Ten-Tec Fully solid-state. 200 
watt transceiver 5 bands • full break in on 
CW $60600 

Ten-Tec 252 AC Power Supply $89.00 

Drake TR-4C Transceiver new. $599.95 

Drake AC-4 Power Supply $120.00 


Collins 152-J1 Phone Patch, good, removed from 
equip, with detailed schematic $24.95 

Deluxe Headsets, excellent for ham radio or audio 
visual labs: 600 ohms, vinyl cushioned: $9.99 

With volume control $11.99 

Cable for HAM II and TR44 8 conductor 14c/ft. 


B & W WATERS Model 334-A 

ONE KW WATTMETER 
LARGE METER WITH 10. 100, 

300 & 1.000 WATT SCALES 


$139.95 


C.D. 

Ham II Rotator 

New Improved 

$149.95 

write or call for introductory offer 


TMC RF Master Oscillator. 2-64 Mcs on har¬ 
monics, relay rack mount excellent, $150.00 

new, $195.00 


Dycomm Super Block, Input 2-35 watts. Output 
10 80 watts $149.95 

Collins 75A 4 with AM. SSB & CW filters plus 

Collins speaker and Book $395.00 

Heath SB-301 with SB-620 Scanalyser and SB-600 
Speaker Write 

Motorola R 220 RCVR 20-220 Mcs. All Modes: 

$450.00 

IMC Boxer FanR. 115 VAC. .22 amps 50/60Hz 
4-Vi" wide x 4 J /«" by 1 */z " deep Brand New $12.50 

FM from Barry 

IC-230 by Inoue 

Completely synthesized with 
phase locked loop. 

1 Single Knob Control. 

i Smart compact styling 

$489.00 

i IC-22 22 channel. 2 meter transceiver. Very 
i hot receiver, 10 watts out $289.00 


Drake AA 10 Amplifier for TR-22 $49.95 

Drake AC-10 Pwr. Sup for TR-22. AA-10 or TR72 

$44 00 

GE Model YGS-3 FM signal gen. 1-150 Me. excel¬ 
lent, no manual $200.00 


HF Gear from Barry 


Collins DL l Dummy Load excellent, $75.00 

Heathkit Mobile Linear. 500 watt, pair 572-Bs with 
AC & DC supplies, 10-80 meters - package. $195.00 
Heathkit SB-101 with power supply 

Write for details 
International AR-2000 State of the Art Receiver 
.15 uv sensitivity 10-160 mtrs, digital readout. 2 
VFO’s $1,250.00 

International AT-2000 companion transmitter, ful¬ 
ly solid-state. 175 w. ouput. built-in power supply 

$950.00 

Galaxy GT-550 Transceiver. 550 W. PEP with RV 
550 with SC550 and 300 cycle CW filter, 25 kHz 
Calibrator, ex. cond. $495.00 

Hallicrafters FPM-300 Safari. 5 bands 10-80 me¬ 
ters. Brand New Net $595.00 


Tube Headquarters. Diversified Stock. Heavy 
inventory of Eimac tubes, chimneys, sockets, 
etc. 572B $19.50 


Gold Line Single Pole. 5 position coaxial switch, 
wall bracket or panel mount, 1 KW AM $17.95 

Clegg FM-27B, 146-148 Me coverage without 
buying a crystal. Fully synthesized 25 w 
out $479.95 

Clegg PS-011 AC power supply for FM 
27B $79.95 

Shipping prepaid on all FM-27B*s 

General Industries Tape Transport Motor, 115 
VAC. 60 Hz $2.95 

Hy-Gain Tape Dipole Antenna. 3.5-30.0 MHz with 
ropes & connector, used, good clean $55.00 

Drake SC-6. 6 meter Rec. converter with Drake 
CC1 console: $120.00 

Drake TC-6 6 meter transmitting converter 

$278.00 

Courier ML-100 Mobile Linear Amp. 100 input- 
200 watts pep. 10 meter operation: New $120.00 
CONSTANT VOLTAGE TRANSFORMER Input 115 
VAC @ 60 Hz output, 24 Volts 9 15 amps regu 
lated (plus or minus 1%) requires 6 mfd capaci¬ 
tor (not furnished) $40 value $14.95 ea. 

Tempo CL-146 w/GLB 400B Synthesizer 5kc 
split $395.00 

Drake TR-72, 2 meter FM transceiver. 23 channels. 
1 or 10 watts output. 13.8 volts $320.00 

VENUS SS 2, Slow Scan Monitor $349.00 

VENUS Cl. Fast Scan/Slow Scan Camera «. Con¬ 
verter $469.00 


Collins 32S-3 Transmitter Excl. Cond. $650.00 

Collins 75S-3B Receiver Excl. Cond. $550.00 

Collins 30L-1 Linear Amplifier good, $375.00 

CASH PAID . FAST! For your unused TUBES. 
Semiconductors. RECEIVERS. VAC VARIABLES. 
Test Equipment. ETC. Write or call Now! Barry, 
W2NLI. We Buy! We ship all over the World. 
Thousands of Unadvertised specials. F.O.B. point 
of shipment. 

Send for Green Sheet Supplement 23. Send 
50<* postage & handling (refund 1st order). 


BARRY 512 Broadway NY, NY 10012 

212 °WA 5 7000 ELECTRONICS 

TELEX 12-7670 
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now 

you/awe. 

/arc# save 


... on the purchase of a superb new Hallicrafter SR-400A. Normally priced at $1125 
with the PS-500A AC power supply you now save $300. 

For years the SR-400A has represented top-of-the-line performance for SSB and CW. 
Loaded with the features you want, brimming with the 550 watts of power you need. 
Now priced at the low, low price of $825, complete with the PS-500A, represents a 
value that you won't see again. 

Just this once you can beat inflation, own one of the finest transceivers ever made and 
be a winner all the way. Write for full descriptive information. Remember, Henry Radio 
always brings you value and, of course, you can trade your present equipment and buy 
on the famous Henry Radio easy credit plan. 


HewmMH 


11240 W Olympic Blvd, Los Angeles. Calif 90064 213/477 6701 
931 N Euclid. Anaheim. Calif 92801 714/772 9200 

Butler, Missouri 64730 8)6/679 3127 

















You can work DX 


without EIMAC, 
but it’s 
not easy. 


Ed Willis. 6TS. did it in 1929. He 
exchanged 20 meter signals 
across the continent —in daylight —with John 
Reinartz, IXAM. Both Ed and John 
used 204 tubes for this record 
breaking QSO. 



I he 6tS transmitter that 
mad** wireless history ui 
\ i l?b This ttansconti- 
nerit«)l QSO marked the 
t>ec)inrttncj of the short 
wave eia 


Two other radio amateurs, 
enthused by this super-DX. 
tried to get the old 204 working 
on 20 and 10 meters. They had 
a lot of trouble and decided 
they could build a better lube 
themselves. They did, and Bill 
and Jack (W6UF and W6CHE) 
founded EIMAC in the early 
30s. Today. EIMAC is the 
world's leader in the develop¬ 
ment and manufacture of 
power tubes. 


I IMAC 8877 provides 
supiMior peifotmamr as 
a linear amplitn-i up to 
S.bO MM/ 


And W6TS is still working DX today (DXCC with 334 countries) 
with an ElMAC-equipped station. It's a lot easier now than it 
was then, isn't it, Ed? 


Tor technical information, contact EIMAC Division of Varian, 
301 Industrial Way. San Carlos. California 94070. Or any of the 
more than 30 Varian/EIMAC Electron Tube and Device Group 
Sales Offices throughout the world. 



division 

varian 







